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Unitkd States Dbpabtment of AoEicoLTtTBE, 

Oi'FicE OF Experiment Stations, 

Wagkington, D. C, October 39, 1808. 

8iK: I have the honor to submit lier-'with a revised edition of bnlle- 
lin Ko. 4r> of this office. This bulletin treats of the luetabolism of 
man and the domestic auinials, iiiid was prepared by W. O. Atwater, 
Ph. 1)., special agent in charge of nutrition iuveistigations, and C. F. 
Laugworthy, Ph. i)., editor of the department of foods and animal pro- 
ilnction of the Experiment Station Ilecord, under the general super- 
vision of the Direi-tor of this <.)nice. The bulletin is a digest of about 
3,6UU experiments in which the balance of one or more of the factors of 
income and outgo was detennine<I. This compilation is in a sense sup- 
plementary to Bulletin No. 21 of thisUlliceon the Methods aud Itesults 
of Investigations of the Chemistry and Economy of Food. At the 
outset of the nutrition investigations by this department the need of 
compilations and summaries of the widely scattered investigations in 
this line carried on at homo and abroad was fidly recognized. Bnlletin 
Ko. 21 was the llrst attempt to meet this need. Even before that 
was completed the phni for the present bulletin was formed by Prof. 
Atwater and Dr. Langworthy, The (iollection of material on metabo- 
lism was for some time pursued in connection with the nutrition inves- 
tigations in progress at Middletown, Conn. It soon appeared that it 
would be unwise to segregate the metabolism experiments with men 
from those with domestic animals even for the purposes of the nutrition 
investigations of the Department, Moreover, a review of the exi>eri- 
ments with animals was needed in connection with the work of the 
agricultuml experiment stiitions in the establishment of a scientilie 
basis for the feeding of live sti>ck on the farm. In view of the larger 
scopethnsgiven to the work, Dr. Langworthy eameto Washington, and 
has since executed the details of this work here, retaining, however, the 
ailvice and assistance of Professor Atwater, The library of Professor 
Atwater contains one of the largest private collectiousof works on the 
subject of metabolism. In addition, liberal use has been made of the 
ouosually complete collection of medical and other works bearing on 
tfais subject in the library of the Surgeon-General's Office. 

Ab the compilation progressed, records were constantly fnun<l of 
igfttions not referred to in general treatises or standard abstract 
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Journals. This wan i>articiilarly true of reports of investigations made 
in Russia. Valuable service in collating and abstracting Bussian pub- 
li(*4itions has been rendered by Dr. Peter Fireman, of the Columbian 
University, who is a native of Russia and conversant with scientific 
publications in that language. 

The number of experiments collated far exceeds what was anticipated 
when the work was undertaken. While the authors do not claim to 
have found all the investigations ever reported, it seems most probable 
that comparatively few have escaped their attention. 

Advantage is taken of a reprint to make a few minor corrections in 
the tables. 

Respectfully, 

A. C. True, 

Hon. Jameb Wilson, Director. 

Secretary of Agriculture. 
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IXTRODirCTION. 

GENERAL AND HISTORICAL STATEMENTS. 

The animal orgamsm requires food for a twofold purpose, (1) to fur- 
nish material for the building and repair of tissue, and (2) to supply fuel 
for the production of heat and energy. In serving as fuel food protects . 
the material of the body from consumption. 

The food of animals consists of the so-called nutrients — protein, fat^ 
and carbohydrates, v.irious mineral salts, and water. Similar com-, 
pounds and many others are found in the animal body. The oxygen oi 
the air, though not strictly a food, is also essential. All of these sub- 
stances in both the food and the body are made up primarily of the 
elements carbon, hydrogen, oxygen, nitrogen, sulphur, phosphorus, 
chlorin, silicon, iluorin, potassium, calcium, magnesium, sodium, and 
iron. The changes which these substances undergo in the multiform 
cleavages and syntheses involved in the processes of digestion, assimi- 
lation, respiration, and excretion are extremely varied. 

Tissue is added to the young organism until growth is completed. 
In the performance of the bodily functions, in the wear and tear to 
which the organism is subjected, tissue is constantly broken down and 
consumed and new material is as constantly formed to take its place. 
Tissue is also formed for the storage of reserve material, but to a less 
extent and mainly in the form of fat, which serves as fuel for yielding 
energy. The bulk of the fat in the body is therefore to be consid- 
ered not as an essential part of the animal machine, but as fuel stored 
up in it. 

Energy is required for the maintenance of the heat of the body and 
for the performance of its mechanical work. The potential energy of 
both the nitrogenous and nonnitrogenous ingredients of food and body, 
i. e., of protein, fats, carbohydrates, etc., is transformed into kinetic 
energy and used in the body. But this service as fuel is performed ^ ^ 
chiefly by the fats and carbohydrates, the carbonaceous as d^stin^otstiecl 
from the nitrogenous nutrients. When burned in the body the nutri- 
ents jrield energy iu the form of either heat or muscular power. Part 
of this potential energy becomes kinetic in the cleavage of complex 
compounds to simpler ones; part is liberated in the processes of oxida- 
tion. Neither the chemical nor the physical changes which take place 
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are now folly understood. This much, however, is certain: The proc- 
esses are complex, and although the ultimate chemical products may 
be the same as those of direct oxidatiou, the processes by which they 
are formed in the body are much more complex than those which take 
place when they are burned either in the furnace or the calorimeter. 
But it is believed that, in accordance with the principle of the conser- 
vation of energy, the quantity of potential euergy which is transformed 
into kinetic energy will be the same in the one case as in the other, 
provided the final products are the same. Furthermore, in accordance 
with the principle of maximum work the tendency is. toward those 
changes which result in the greatest evolution of heat or other form of 
kinetic energy. Therefore the heats of combustion of the nutrients of 
the food may be taken as equivalent to their potential energy, i. e., 
their value for the production of heat and muscular work when they 
are burned in the body. The same principle applies to the materials, 
•mainly protein and fats, which the body takes from the food and makes 
a part of its tissue before they are burned. It applies also, in so far 
as their potential energy is concerned, to the incompletely oxidized 
excretory products like urea and to the undigested residue of the food 
and other material which is excreted by the intestines. 

All these manifold changes of matter and energy are covered by the 
term metabolism. It signifies the transformation of matter and energy 
in the animal organism. Oenerally speaking, all the material which 
has undergone metabolism is excreted in the urine and respiratory 
products, although the feces contain metabolic products along with 
the undigested residue of food consumed. 

One of the usual ways of expressing the results of experiments in 
metabolism is in the form of a balance of income and outgo. In order 
to establish the metabolic balance of matter it is necessary to measure 
the total income in the food and outgo in the excretory products. In 
practice it is usual to express the balance of matter in terms of nitrogen 
or nitrogen and carbon, since these are the elements which can be most 
readily determined and in addition they are the most important and 
characteristic elements of the materials making up the income and outgo. 
To establish a balance of energy, which may be best expressed in terms 
■of heat, it is necessary to know the thermal value of all the food con- 
sumed and of all the excretory products, as well as the total energy 
manifested by the organism during the experiment, either as heat or 
in the form of external muscular work. 

f The above statement is, however, incomplete in that it does not take 
*d>^...^Jb to awwilt' HLm r^terial which the body gains or loses during the 
^^|iaqpeiteiial M^ energy stored or transformed. This 

materfari cuuilHl ptMjT of water, prot^ compouhdsi and fats, with 
smaller amounts or carbohydrates and otber oomponBda. 

The science of nutrition therefore must be studied fW>m the stand- 
points of the metabolism of matter and energy if its fundamental laws 
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are to be thoroughly learned. The ideal experimeDt for the determinar 
tion of metabolic balance would include a respiration experiment, a 
dietary study, and a digestion experiment in which the thermal values, 
of fbod and excreta are determined. It would also include a measure- 
ment, with a calorimeter, or by other suitable means, of heat produced 
by the organism. If work is performed it must also be measured. 
No experiment has yet been made which reaches this ideal. More often 
special problems connected with metabolism have been the subject of 
investigation, such as the following: The functions of the nutrients of 
food; the formation of fat from protein and from carbohydrates; the 
digestibility of food of various kinds; the isodynamic values of nutri- 
ents; the fuel value (potential energy) of food; the influence on metab- 
olism of various diseases, of alcohol, drugs, condiments, and the like, 
and of various forms of treatment, medical or otherwise, as for instance 
hot baths; the influence of prolonged hunger or thirst on metabolism; 
and the quantities of nutrients consumed and appropriate for people of 
different classes, occupations, and conditions, and for animals of difier- 
ent kinds or animals fed for different economic purposes. ■ 

While the ultimate purpose of many experiments in metabolism is to 
obtain answers to such questions as those enumerated above, in the 
expression of results the balance of income and outgo is recognized as 
of the utmost importance. 

Before the day of modem science very curious views of metabolism 
were entertained. The fact was very early recognized that in the urine, 
feces, and respiratory products substances were eliminated which the 
organism could no longer utilize and wbir.h, if retained, would prove 
harmful. The nature of the excretory products was, however, not at 
all understood. Experiments were made in which the food and excreta 
were weighed and the fact was noticed that altbough large quantities 
of food were consumed in a given time the organism did not materially 
change in weight. 

The idea that food is to the body what fuel is to the fire was advanced 
as early as the seventeenth century. In 1668 John Mayow* found that 
firom saltpeter a substance could be obtained identical with one of the 
constituents of the air, which rendered combustion and respiration pos 
sible. This substance was thought to enter the blood and there set up 
a fermentation which produced heat. He further found that this sub- 
stance, together with a supply of combustible material, was necessary 
for muscular work. 

These ideas, so nearly resembling the modern views of the subject, 
were, however, passed over and apparently forgo*^^'**- 

In 1762 Haller^ announced a mechanical theory of metabolism. He 
believed that the muscular movements made by the organism caused 



Mohn Majow, Opera omnia, 1681 ; cited by Voit in Hermann'&Han<ll)nch, VI, p. 266. 
'A. ▼. Haller, Elementa Physiologica, VIII ; cited by Voit in Hermann's Hand* 
bQoh der Physiologie, VI, p. 266. 
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both the liquid and Holid mibstancen i^mpofnog it to mb against each 
other nntil they were worn oat and divided into minate particles. The 
liquid (lartides were then eliminated in the arine, through the langs, 
skin, etc., and the solid matter was eliminated in the feces. The loss 
of material was made goml by the food consumed. This and other 
mechanical theories were entertaine<l for many years. 

The faf;t that the liody loses considerable material throagh the skin 
and InngH was very early recognized. In 1614 Sanctorins' measured 
the amonnt of material thas excreted in a large namber of cases in 
health and disease. His method was as follows: The sabject was 
weighed at the beginning of the experimental period, and from the 
weight of the body pins the weight of the food and drink consumed 
was subtracted the weight of the body at the end of the period plus 
the weight of the urine and feces excreted. He recognized the fact 
that the insensible perspiration includes the respiratory products as 
well as the material excreted through the skin. 

In the translation of Sanctorius^s Aphorisms early in the eighteenth 
century, Quincy^ emphasized the fact that the body is a machine and 
the principles of mechanical motion can be applied to it. 

Toward the close of the eighteenth century oxygen was discovered 
by Priestly and Lavoisier. The latter* explained the process of com- 
bustion. In 1789 he enunciated the doctrine that combustion takes 
place in an analogous way in the animal organism.^ Many physiolo- 
gists would not accept his views at first. Evidence accumulated, how- 
ever, and the truth of Lavoisier's opinions was at last generally 
conceded. 

The growth of the knowleilge of jnetabolism owes very much to Liebig. 
He isolated, analyze<l, and studied many of the compounds which occur 
in f<NMl and the various tissues and liquids of the animal organism and 
made important contributions to the subject of the origin of animal 
heat and other physiological questions. In this subject, as m many 
others, Liebig seems to have arrived as if by intuition at conclusions 
which the labor of later years has only verified. 

The early experiments in which the attempt was made to determine 
a balance of matter are few in number. The subject has been devel- 
ope.d largely since 1850. 

Of experiments with man the earliest which is included in the present 
compilation was made by Lehmann ^ in 1839. The methods of analysis 



'HanctoriuB: De Statica Medicina, LeipsiC; 1614. Medioina Statica, or Knles of 
Health. Translated by J. D., London, 1676. Biographie Universe] le. Pam: L. G. 
Michand, 1825, pp. 308-310. 

'^SanctorinB: Medicina Statioa. Translated by John Qnincy. Loudon: \Vm. New- 
ton, 1712, p. LXVIII. 

3 Lavoisier's Chemistry, Kerr's translation. New York, 1806, p. 63. 

*li6m. de Tacad. des Sciences, 1789, p. 185. Oouvres de Lavoisier, II, p. 688; cited 
by Voit in Hermann's Handbuch der Physiologie, VI, p. 266. 

* Jour, prakt. Chem., 27^ p. 257. 
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which were then in nse render the work of little value except firom an 
historical standi>oiut. 

In 1840 Liebig ^ published a dietary study in which an attempt was 
made to estimate the carbon balance. The time was one month, and 
the average number of persons 144. The subjects were a company of 
soldiers of the bodyguard of the Grand Duke of Hesse-Darmstadt. 
The amount of each of the food materials is recorded, as well as the 
computed average per man per day. Elementary analyses of each 
article of food were made, though many are not recorded. The carbon 
in the urine and feces was computed. So many details were omitted 
in the publication of this interesting experiment that it is not possible 
to make a comparison of it with more modern work. 

An extended series of observations was made by BarraP. in 1847-48. 
He quotes at length the opinions regarding nutrition en1.ertained at 
that time. Little is said, however, of the methods he himself followed 
in his experiments. This is to be regretted, as he attempted to deter- 
mine or calculate the balance of carbon, nitrogen, oxygen, hydrogen, 
and mineral matter. 

Much of this early work is very incomplete, and numerous inconsist- 
encies in it are now apparent. It was impossible for these early investi- 
gators to arrive at more accurate results with the facilities at their 
command. 

From 1850 to 1870 considerably more work was done on the metabo- 
lism of animals than of man. About 1860 Pettenkofer i>erfected his 
respiration apparatus.^ This furnished a much better means of investi- 
gating the respiratory products than any before used. It differed in 
several essential points from the respiration apparatus which Begnault 
and Beiset^ used in their experiment-s with animals in 1856, or the still 
earlier form used by Boussingault^ from 1839 to 1844. In 1862 Banke 
made a considerable number of experiments with man with the Pet- 
tenkofer apparatus, and in 1865-60 Pett-enkofer and Voit* published the 
results of their experiments, which have been regarded as classic. 

Some of the most important work in recent years on the metabolism 
of man has been done by the Munich physiological chemists, Petten- 
kofer, and more especially Voit, and later their followers, including 
Banke and Bubner, by Pfliiger and his associates in Bonn, and by 
Tchudnovski, Pashutin, Danilevski, Likhachev, and others in St. Peters- 
burg. 

The Bussian work on this subject is very extensive and of a very high 
order. However, it has unfortunately been very little known outside 

1 Lieblg'B Complete Works on Chemistry. Philadelphia : Peterson. Animal Chem- 
istry, p. 84. 
^Ann. Chim. et Phys., ser. 3, 25, p. 130. 
'Liebig's Annalen, Supplement II, 1862-63, p. 17. 

* Ann. Chim. et Phys., ser. 3, 26, p. 310; Compt. Rend. (56), 1863, pp. 569, 605. 
» Ann. Chim. et Phys., ser. 3, 11, p. 441; 14, p. 443; ser. 2, 71, p. 127. 
«Ztschr. Biol., 2 (1866), p. 480; 3 (1867), p. 384; 5 (1869), p. 322. 
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of RoBsia. Generally speaking, the analytical details of the experi- 
ments have been very carefnlly worked out, little being assomed from 
calcalation« The work covers a great variety of topics. Most of it has 
been published as inaagaral dissertations for the doctor's degree. 

Yon Noorden, of Berlin and later of Frankfort, and his papils have 
in recent years contributed considerable important work on the metabo- 
lism of man. Investigations have also been made by Mal&tti, Alber- 
toni, and Novi in Italy; by Eellner, Mori, Oi^ and others in Japan; by 
Paton and North in England, and by Tigerstedt and associates in 
Sweden. In America considerable matter has been published by Chit- 
tenden and his pupils from the physiological laboratory of Tale Uni- 
versity. Among the earliest American experiments were those made 
by Flint with a professional i)edestrian in 1873. Some work has also 
been done by the experiment stations in connection with feeding and 
digestion experiments with animals. Investigations with man have 
been and are now being carried on by Atwater and his associates under 
the direction of this Department. 

Experiments on the metabolism of animals have been numerous. 
Among the earlier investigators may be mentioned Boussingault, Reg- 
nault and ^iset, and Bidder and Schmidt. Yoit, either alone or 
associated with Bischoff and Petteukofer, made a large number of experi- 
ments with dogs, between the years 1856 and 1865. Bubner and other 
pupils of Yoit have continued the work, at Munich and elsewhere. 
The work of Seegen and Nowak and others at Vienna, including 
Soxhlet and Meissl, has contributed much to the subject. This line 
of inquiry has also been greatly furthered by the work of Weiske and 
Flechsig in Gottingen and, later, in Proskau and Breslau; of Wolff, 
Kellner, and Kreuzhage in Hohenheim ; of Henneberg and his oolabor- 
ers, including Stohmann, Maercker, Schulze, Lehman, and others in 
Gottingen ; of Gustav Kiihn and his associates in Mockern, and of 
Orandeau and Leclerc in Paris. 

Many other investigations, as those of Lawes and Gilbert and B. 
Smith, in England, have been of great value in the development of the 
general subject of metabolism, although the balance of matter and 
energy was not the special subject under consideration. 

Yery important experiments, in which the relation of carbon dioxid 
excreted to oxygen consumed — i. e., the respimtory quotient — ^have been 
made by Zuntz and his followers in Berlin and by Pfliiger and others 
in his laboratory at Bonn. Similar researches, which are perhaps of 
equal importance, are being conducted by other investigators. 

Finally, the work of Bosentbal in Erlangen and Bubner in Marburg, 
in the development of a respiration calorimeter, deserves especial men- 
tion, as well as the calorimetric experiments of Pashutin and Studen- 
ski with animals, and of Likhachev with man, in St. Petersburg. 

Several more or less complete summaries of experiments in metabolism 
have been made. Among others the following may be mentioned: 
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In 1861 ^ and, later, in 1876,* Wolff published summaries of experimental 
inquiry in these lines, which had been made up to that time on the feed- 
ing of domestic animals. In 1881 Yoit published his '^ Fhysiologie der 
allgemeinen Stoffweohsels und der Erndhrung^^^ in which the subject 
of metabolism is very thoroughly treated from a physiological stand- 
point. A great deal of historical and critical information is included, 
and a large number of experiments with man and animals are quoted 
in more or less detail. A similar treatise, from a somewhat different 
standpoint, was published in 1886 by Munk and Uffelmann.^ A brief 
review of the subject and its literature was also published by Munk ^ in 
1889. In 1893 von Noorden^ published a volume, in which the subject 
of metabolism is exhaustively treated from the standpoint of health 
and disease. A large number of experiments are quoted in detail, and 
an extended bibliography of the subje<;t is given. 

SCOPB AND PLAN OF THIS COMPILATION. 

In the present compilation the attempt was made to collect as many 
as possible of the experiments in which the metabolic balance was 
determined. In most cases this means the balance of nitrogen or nitro- 
gen aM carbon. In a number of experiments the balance of phos- 
phorus, sulphur, or other mineral matter was also determined. The 
experiments were made with men, women, and children, and with cattle, 
dogs, sheep, and other animals. A total of 3,661 individual tests or 
averages is included. Of these 2,299 were made with man, 383 with 
cattle and horses, 928 with sheep, dogs, and other domestic quadrupeds, 
and 51 with x>oultry and doves. In 2,234 tests with man and 1,156 with 
animals the nitrogen balance was determined, and in 65 with man and 
206 with animals the balance of carbon and nitrogen was determined. 

A few experiments have been made with such insects as silkworms,*^ 
bees," etc. However, no attempt was made to include them in the 
present compilation. 

The experiments with men, women, and children were made under 
various conditions of health and disease; those with animals were 
usually made for a study of various economic problems. In compiling 
the results the plan followed was to divide the experiments made with 
man, in which the nitrogen balance, with or without the balance of 
mineral matter, was determined, into two general classes, (1) those in 

' Die landwirtschaftliche Futterungslehre und Thoorie der Mensclilicheu Eriiah- 
ning. 
*Die £rnahmng der landwirtschafblichen Nutztliiere. 

* Hermann's Haudbach der Physiologie^ Vol. VI. 

* Monk and UfTelmanu's Emiihrnng des gesandeu und krunken Mensclien. 
^Real-Encyclopudie der gesammten Heilknnde, vol. 19, pp. 148-167. 
^Lehrbuch der Pathologie des Stoffwechsels. 

^Peligot, Compt. Rend., 61 (1865), p. 866; Ann. Chim. et Phys., 12 (1867), p. 445. 
"Dnmas and Milne-Edwards, Ann. Chim. ot Phys., ser. 3, 14, p. 4<X); ser. 2, 14 (1820), 
p. 89; 22, p. 35. Compt. Rend., 17 (1843), p. 531. 
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which the subjects were in health, and (2) those in which the subjects 
were sufFering from some disease. The first class was further subdivided 
into ex|)eriments in which the influence of diet was studied, and those 
in which the induence of other conditions was also investigated. The 
second class was subdivided according to the diseases from which the 
subjects were suffering, following Osier's classification^ of diseases. 

The experiments with man in which the balance of nitrogen and 
carbon with or without hydrogen, oxygen, and mineral matters was 
determined form a group by themselves. 

The experiments with each kind of animal in which the nitrogen 
balance was determined were grouped by themselves. As far as possi' 
ble the groups were subdivided as in the case of man. The experiments 
with animals in which the balance of nitrogen and carbon with or 
without hydrogen, oxygen, and mineral matters was determined form 
a group by themselves. And, finally, the last group is made up of 
experiments in which the balance of energy was determined. 

The attempt was not made to include experiments published since 
1894, though a few of later date are quoted. 

A brief reference to the journals and other publications consulted in 
making up the present compilation may not be out of place. The com- 
plete files of Jahreftbericht der Thier- Chemie, Jahreshericht der Agrikultur- 
Gheniie^ and the Index Medicus^ were consulted, and the original arti- 
cles referred to in these journals were examined for the data quoted in 
the tables. In addition, the references in Voit's, Munk and Uffel- 
maun's, and von Noorden's works were quite generally examined, as 
well as the references in the bibliographies contained in the re])orts of 
the individual experiments quoted. The complete files of Zeitschrift 
fur Jiiologiey Archiv fur Hygiene, LandwirthseJia/t lichen VersvcJiS'/Sta- 
tionen, Zeitschrift fur physiologische Chemie, Archiv fur die gesamtnte 
Physiologic, Annales de la Science Agronomuiue, and Vrach from 1885 to 
1895 were also examined. 

Many volumes, though not the comjilete files, of the following pub- 
lications were examined: Archiv der lleilkunde, Archiv fur Kinder- 
heilkunde, Archiv fur Minische Medizin, Archiv fur pathologische Anato- 
mie und Physiologic, Archiv fur Physiologic, Berliner Minische Wochen- 
schrift, Zeitschrift fur Heilkunde, Zeitschrift fur klinische Medizin, Jahr- 
hv^h fur Kinderheilkunde, Landicirthschaftliche Jahrh'ucher, Miinchner 
medicinische Wochenschrift, Comptes Rendus de V Academic des Sciences, 
Paris, British Medical Journal, and many other periodicals and special 
works on physiology and physiological chemistry, and inaugural disser- 
tations. While it can not be claimed that the present compilation is 
complete, it is believed that few of the recorded experiments have 
escaped notice. 



' W. Osler^ Principles and Practice of Medicine. 

''Only those sectionH were examined which it was believed would contain oxperi- 
ments of the nature sought. 
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The parpose of this work is primarily to give a brief epitome, so far 
as practicable, of the objects and results of iDdividual experiments. 
The tables qaoted farnish the iramework of such an epitome, while sup- 
plementary data are given in the accompanying text. It is hoped that 
the two together will enable the reader to learn what investigations 
have been made and by' whom, what balances were determined, where 
the original accounts were published, and the general character of the 
results. 

Generally speaking, only average figures have been included in the 
compilation. For instance, if the results of each of the six days of a 
period on a particular diet were given in the original publication, only 
the average is quoted. This was done because it was believed that 
the average results were usually sufficient for an understanding of the 
investigation. Sometimes, where this did not seem to be the case, the 
exx)eriments have been quoted with more detail, and individual days 
or such averages as seemed most desirable have been included. The 
attempt has always been made to give sufficient material for the clear 
understanding of the experiments quoted. 

It is the opinion of many that the experimental methods followed in 
metabolism investigations are not accurate enough to warrant the 
numerical expression of results with more than one decimal place. 
This has, indeed, been the more common practice. Many investigators 
in computing the results have, however, used two or more decimal 
places. For the sake of uniformity, the plan followed in the compila- 
tion has been to use only one decimal place, adding 1 to the first deci- 
mal digit if the second was 5 or over. In some few cases this causes 
slight discrepancies between the original and the quoted results, and in 
a few instances the author's conclusion is not quite so clearly brought 
out as is the case when the decimal is given in full. 

In the experiments with man the age, sex, and occupation of the sub- 
ject have been given when possible. When not otherwise stated, the 
subject is supposed to be a man. Considerable variation was observed 
in the statements concerning the weight of subjects. Sometimes this 
was expressed in kilograms or pounds and sometimes in grams, and 
in some experiments the daily weight of the subject was recorded and 
in others the weight at the beginning or end of the period. For the 
sake of uniformity the approximate weight is given in the tables when- 
ever possible. 

In the text sufficiently full statements have been made of the meth- 
ods followed by the investigators to make it possible to judge of the 
relative value of their work. 

In most of the experiments the figures quoted were actually deter- 
mined. A number of experiments are, however, included i?i which the 
experimenters themselves computed the composition of the food or feces, 
or both. Some few experiments are also included in which the food or 
feces, or both, were not analyzed nor was the composition computed 
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by the investigator. In such cases it was believed tliat the missing 
data could be supplied by the compilers with reasonable accuracy 
from available material. This was accordingly done, and figures so 
obtained are inclosed in parentheses to show that the calculations 
were made by the compilers and not by the investigators. In a few 
experiments the authors determined the urea and uric acid in the urine 
and did not determine the total nitrogen. In such cases the nitrogen 
of the urine was computed by the compilers from the data given. It 
was believed that this would not introduce any considerable error, 
since the chief nitrogenous compounds in the urine are uric acid, urea^ 
and extractives, and the amount of the last is small. 

Frequently the authors have given additional data of a different 
nature from those included in the tables. Eeference is usually made to 
such data in the text accompanying the tables, and in many cases the 
information is briefly summarized. 

When the published account of experiments covers more than one 
class, the usual plan has been to include all the experiments in the 
class to which the majority of them belong. In a few cases, however, 
the experiments have been divided, each sort being tabulated in its 
proper place. 

POINTS TO BB CONSIDBRBD IN DRAWING DBDUCTIONS PROM 



In judging of the value of any series of experiments for general 
deductions the care with which the experiments were made and the 
methods followed should be taken into account. Among other things — 

(1) The experiments must be made under suitable conditions, espe- 
cially as to character, environment, and treatment of the subject, be the 
latter a man or a lower animal. Whether or not the subject is in such 
close confinement as to disturb the bodily functions; or whether the 
subject is fasting or fed, at work or at rest, should be definitely stated. 
Unless the effects of some particular disease or some other unusual 
condition arc to be studied the bodily condition should be normal. If 
the subject is in a respiration apparatus, care should be taken that 
the confinement does not become so irksome as to derange the func- 
tions. The food should not be such as to disagree with the subject, 
and thus disturb the normal processes of metabolism. 

(2) The experiments should be made with several different subjects, 
and should bo repeated in order to make sure that the results are 
representative and not exceptional. Results of individual tests are 
afi'ected by individual peculiarities of the subjects, and these idiosyn- 
crasies vary not only with different subjects, but with the same subject 
at different times. A given diet furnishing certain amounts of protein 
niid energy may be taken by three different men under the same con- 
ditions of environment and labor, and while it meets the demands of 

4rst it may be too much for the second or too little for the third; or 
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it may suffice very well for either one at a given time and be too mnch 
or too little at another time. This fact is to be especially considered 
in studies of dietaries. Again, certain predigested foods — so-called 
peptones and the like— may be very efficacious in a particular ease, 
but it would be unwarranted to predicate a specific value without con- 
siderable duplication of experiments. These statements apply with 
special force where the conditions are abnormal; e. g., where a special 
form of disease, or fasting, or unusual muscular exertion is a factor. 

(3) The experiments must be of a suitable length, yet not long enough 
to disturb normal functions. With too short a period, it is not certain 
how far the observed results represent the actual effect of the feeding 
or treatment which is to be tested. On the other hand, if the food or 
treatment be unusual or disagreeable, lengthening the experimental 
period unduly may vitiate the results. 

One other important question in this connection is. What x>eriod 
should be taken for the measure of the metabolism of the food of a day 
or given number of daysf Unfortunately there is very little exact 
knowledge as to when the change in metabolism corresponding to a 
change in diet occurs, or how soon such a change of metabolism will 
reach a constant level. 

For instance, it can not be said that the metabolism of nitrogen, car- 
bon, and energy for a period of 24 hours corresponds to the food of 
either the same period or of the 24 hours previous, or of any other 
exact period that can be named. The factors that enter into this ques- 
tion are very complex and the exact data at hand unfortunately few. 
If, therefore, a definite measure for the efiect of food is desired it must 
be sought by making the experiment cover a long period. Part of this 
period should properly be considered as preliminary, during which tmie 
the body is adjusting itself to the changed diet and the metabolism is 
reaching the constant value corresponding to that diet. One fieKstor of 
this constant value is the nitrogen equilibrium which can be quickly 
determined. When this point is attained the exx>eriment may be con- 
tinued long enough to show the actual effect of the food or other condi- 
tions, e. g., muscular work ui>on metabolism. 

(4) The proper separation of the urine, feces, and respiratory prod- 
ucts is a matter of great importance. In order to establish a balance 
of nitrogen when a certain diet is followed, the feces must be taken into 
account. It may be that the feces which are due to the particular food 
do not appear for several days after the food is consumed. Some of 
the early experiments are less valuable than they would otherwise be 
because this fact was overlooked. It was generally assumed that the 
feces excreted on a given day were due to the food consumed the pre- 
ceding day. This may or may not be the case. Several methods of 
definitely marking the feces are in use. One of the best methods, 
perhax>8, is to give very finely powdered charcoal, either in capsules or 

749— No. 46 2^ 
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Bome other oonvenient fonii, with the last food eaten before the experi- 
meiit begiiiH and the first food eaten after it is finished. The charcoal 
imparts to the feces a dark bluish-black color of varying intensity, and 
the line between the charcoal feces and that which precedes or follows 
it is shaq)ly drawn. The separation is then only a mechanical matter. 

The collecting of urine is a comparatively simple matter in exx>eri- 
' nients with men, and can generally be accomplished without great difti- 
cult}'. To know just what should be the period for collecting urine to 
represent the nitrogenous material metabolized during an experimental 
I)eriod is another and far more diilicult matter. Certainly part of the 
nitrogen of the food finds its way into the bladder in a very short time. 
Thus the odor due to asparagus may be detected in the urine within 
an hour after it is eaten. But when the metabolism of nitrogen is 
increased by muscular labor the increased excretion of nitrogen may 
continue for many hours after the labor has ceased. No generally 
accepted method exists of identifying the urine due to a i)articnlar 
food, an<l the experiment should always be of suflicient duration to 
eliminate as much as ])ossible the error which may arise from this fact. 
It has been frecjuently assumed that the urine excreted on a particular 
day may be taken as representing the food metabolized on that day, 
but this is hardly correct. In other cases the urine of 24 hours is taken 
as representing the nitrogen metabolized during the previous 24 hours. 
The subject demands more experimental study than it has received. 
(See Nos. 26110-2698, Table 28.) 

If the estimation of excretory nitrogen is to be perfectly exact, the 
perspiration and "accidental" excretory products, such as hair, nails, 
epithelial cells, etc., which are lost, must be taken into account, 
measured, and analyzed. It is usually assumed that no great error is 
involved by neglecting them altogether. 

Very little can b(»- said of the separation of the respiratory products 
due to a particular diet. The usual plan has been to let the subject 
consume a uniform diet for several days and then make the respiration 
experiment, the diet being unchanged. Most of the respiration experi- 
ments have so far been of short duration — 12 or 24 hours. In the case 
of animals it has been possible to keep the subject in the respiration 
chamber for a longer time than 24 hours without inconvenience. It was 
thought that in the Ciise of man the continued confinement might prove 
very irksome, and so disturb the normal functions of the organism. 
In late experiments (Nos. 2277-2:506, Table 26) this was not found to be 
the case. The extent to which the disturbance of normal functions would 
occur would doubtless depend upon the temperament of the subject. 

(5) In the collection, measurement, and analyses of the food, urine, 
feces, and respiratory i)roducts lies one of the most diflicult problems 
encountered in experiments of this nature. It is very diflicult to obtain 
fair and representative samples of some articles of food — for instance, 
fresh meat. Yet this must be done or it is manifestly impossible to 
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compute the factors of the income. When a fair sample is obtained it 
must be analyzed by methods which are known to give accurate and 
reliable results. Much work which has been done loses a considerable 
part of its value because analyses of the food consumed were not 
made. When the composition is determined by using calculations 
based on reliable figures the work has value. It is, however, very 
generally recognized that the food used must be analyzed. 

Little difficulty attends the collection of urine. In the analysis of 
urine it is important that the method be perfectly reliable. In experi- 
ments which include only the nitrogen balance it has been customary 
with many experimenters to determine the urea by gravimetric meth- 
ods and compute the nitrogen from this. The results by this method 
are not always satisfactory. 

In experiments which include the balance of carbon, oxygen, and 
hydrogen it is not enough to calculate these elements from the amount 
of urea, or urea and water. Elementary analyses must be made, since 
the urine contains other compounds. 

The feces may be easily collected and should always be analyzed. It 
has been sometimes a custom to assume that a particular diet would 
always yield feces of a practically unvarying composition. This is at 
best only a supposition. At present there is no entirely satisfactory 
method of determining what part of the nitrogen of the feces is due to 
undigested residue and what part is due to such metabolic products as 
bile, coloring matter, etc. (See Kos. 418-420, Table 7; No. 2620, Table 
28.) At present a small error seems unavoidable, due to the fact that 
the methods now in use are not perfectly exact. 

The methods of preparing samples of food, urine, and feces, and the 
methods usually employed in their analysis, have been spoken of at 
length in a previous publication.^ 

The measurement and analysis of the inspired air and the respira- 
tory products calls for com])licated apparatus, but these determinations 
are necessary if any dependence is to be placed on results which include 
the balance of carbon, oxygen, and hydrogen. 

Marsh gas is formed in considerable quantity by the action of bacte- 
ria on carbohydrates in the intestines of Ilerbivora. It is also formed 
under certain circumstances in the intestines of man. The carbon of 
marsh gas is thus due to a gaseous excretory product of the intestines, 
and is not a respiratory product. 

The methods of collecting and analyzing respiratory products which 
have been employed in the past are treated of under the individual 
respiration experiments. (See Tables 27 and 38.) 

(6) In order to establish a balance of energy it is necessary to deter- 
mine the thermal value of the food, urine, and feces, with a bomb cal- 
orimeter or by some other suitable method.^ The energy manifested as 

> U. 8. Dept Agr., Office of Experiment Stations Bui. 21. 

* U. S. Dept. Agt,, Office of Experiment Stations Bui. 21, p. 113. 
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heat radiated from the body must be measared, and that which !r man- 
ifested as external work must be measured and reduced to terms of 
heat. It is evident that problems of this sort call for complicated 
apparatus and a knowledge of the methods used in physical research. 

In discussing nutrients and their functions little has been said con- 
cerning mineral matter or, as it is commonly called, ash. Some mineral 
matter is required for the formation and repair of tissue. Since, how- 
ever, the salts ordinarily consumed x>ossess little or no potential energy, 
they are necessarily of little importance in furnishing the body with 
force. The mineral constituents have some function in nutrition which 
is not at present understood.^ Sodium and chlorin are apparently 
necessary constituents of blood serum, and potassium and phosphorus 
of the red corpuscles. Phosphorus is absolutely essential for growth, 
and sulphur is hardly less important. 

As will be seen by reference to the tables, few experiments have been 
made in which the balance of income and outgo of mineral constituents 
was attempted. Though the theory of the function of mineral matter 
does not rest upon such experiments alone, yet data of this nature are 
undoubtedly very valuable, and this is a line of research which might 
be profitably extended. 

ACCURACT AND COMPLETENESS OF THE COMPILATION. 

In conclusion the com[)ilers call especial attention to the fact that the 
present compilation is intended to cover only a definite line of metab- 
olism experimenting. Very many experiments of a different nature 
have been made which are of great value in drawing deductions con- 
cerning the general laws of nutrition. Such, for instance, are experi- 
ments in which the ratio of inspired oxygen to expired carbon dioxid 
was determined under varying conditions. In a previous publication 
of this Ofiice^ an attempt was made to compile the more important 
dietary and digestion experiments made with man. The results as 
published include, however, only a part of the material collected. 

As regards the correctness of the statements here compiled, the 
authors can only say that they have endeavored to avoid inaccuracy so 
far as was in their i)ower. They are aware that errors of detail will 
doubtless be found in such a compilation, both in the figures and in 
other data. 

As already stated, no claim is made that all the experiments are 
cited. Despite the efforts made it is certain that some have been 
overlooked. A number of experiments with man and animals were 
omitted because the feces were not analyzed. These might have been 
included by computing the composition of the feces, since the feces do 
not vary within very wide limits. 



' For general statements on this snbject see Text-book of Physiology, by M. Foster. 
<U. S. Dept. Agr.; Office of Experiment Stations Bui. 21. 



EXPERIMENTS A\riTH MA3^. 

There is no essential diii'erence between man and other vertebrates 
as regards the metabolism of matter and energy. The details of the 
process may vary, but the final products are essentially the same. 
The materials burned yield carbon dioxid, water, and urea, and kindred 
compounds, providing energy for internal and external muscular work 
and the heat necessary for maintaining the body temperature. A par- 
tial exception to these statements may perhaps be found in the relation 
of intellectual and nervous action to metabolism, but this is a matter as 
yet but little understood though demanding careful investigation. 

In studying the general principles of metabolism the selection of man 
or one of the lower animals as a subject is largely a matter of conveni- 
ence. In the study of special questions, however, the nature of the 
investigation usually determines the choice of a subject. 

EXPERXMENTS JN ^VTHICH THE NITROQEN BALANCE ^^AS 

DETERMINED. 

HEALTHY SUBJECTS, INFLUENCE OF DIET. 

Experiments with man in which the balance of income and outgo of 
nitrogen has been determined, with or without mineral matter, consti- 
tute about two- thirds of the experiments recorded in this compilation. 
They have been divided into two general classes — those in which the 
subjects were in health and those in which they were suffering from 
some disease. The exx)eriments with men in health have been farther 
subdivided. In the first group the influence of special food materials 
or various forms of diet hHS been studied. In the second group the 
influence of other conditions than diet were studied. Some of these 
were more or less abnormal or unusual. 

EXPERIMENTS WITH A VEGETARIAN DIET. 

In Table 1 are included 22 tests with men and 2 with women in which 
the object was to study the value of a more or less strictly vegetarian 
diet. Many so-called vegetarians do not strictly deserve the name, for 
although they omit meat from their dietary they consume considerable 
quantities of dairy products and eggs, which are derived from animal 
sources. While numerous works have been ])ublished on the subject 
of vegetarianism, the actual experiments with man are not numerous. 
Information is usually derived from artificial digestion experiments and 
not from actual experiments made with living subjects. A few experi- 
ments are also included, which were made with diseased subjects to test 
some form of diet, the disease being left out of account, or which were 
made for the purx)ose of comparison. (See also Table 3.) 

21 
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>•. 1 WM Bade V7 Cnaer IB 1882 ia eoBMctioD witk ft Bted J of tlM dMvx of • 

ne nbjaet wm an oOcUl of ki^ nak in Om Gcnuui eiyil 
He was in good keallh and p amumt ii of a gnat deal of pkjBcaloBdaraiiee. 
Be was boc a atrict Tcgetarian, for altkoogk T oget a b le Ibod fonaed tlie yaattjg part 
of hia diot, Milk and egga wito alao ootiwiinod . HiadioiwasaBatlarof doleoand 
kad kocB Mlowod iw saox jean. Aaal jaea of Ibod, arise, and feeea w«e made. 

Tka rtnrlnrian itnacbed tkat tbe dietary Ibflowed fimiiaked tkeaaVioet witknif- 
flcaeot aatiiaw t, bot if tbe animal food waa omitted it woold not do ao. It is 
■igod tkat a atrictl J TegeUrian diet is not deoirablo beeaaae a largo qmnrtitj of food 
bo eooaamed in order to obtain aaAeient protein. Tkia calla for mnek nnnec- 
labor hj tbe digeatiro organs. Tke diet is alao oondeasnod ftom an oeonom- 
ieal standpoint. Tbe '*ame amonnt of nntriment in a better balanoed cation ean bo 
pnrekaaad with a definite som when a mixed dietarj is Allowed than wken only 
Togotablo food is eonsomed* 

Kos. 8, 3 were made by Constantinidi in the Mnnich laboratory in 1888. Tbeobjeet 
ci tke inrostigation was to see if tbe regetablo protein wonld Inmisk a lair sabati- 
tate for animal protein, as ordinarily oonsnmed in meat, or any other espensiTo pio- 
teid sobatanoe. The sabject was a laboratory aerrant. The diet eonsisted of 
potatoes eooked in water, to whieh fiit was added, and " glnten," a Togetable proteid 
oompoond made from waste prodocts of wheat. Beer was nsed as a bererage. The 
food and excreta were analyzed. The separation of the foees was effeeted by means of 
milk. The body made adaily gain of 3.6 grams nitrogen. When a second experiment 
was made like the abore, but without the gloten, the body loot 2.3 grams of nitrogen 
per day. The gloten fiimished, therefore, a Taloable and eheap nitiogenona food. 

Kos. i-7 were made by Rotgers in Amsterdam in 1887. The objoet was to deter- 
mine whether regetable protein had the same notritiTo raloo as animal protein. 
The snbjeets were the iorestigator (a physician) and his wife. Tb^ time covered by 
the whole experiment was 10 weeks. Daring the first period a simple mixed dietary, 
conristing of meat, milk, bread, rice, potatoes, etc., was followed. Daring the sec- 
ond period meat and milk were omitted, and beans and peas were eonsomed instead. 
The amoant of protein, fat, and carbohydrates was in each case the same. The 
composition of tke food was estimated from Konig's figares except in the case of 
some Tokay wine, which was analyzed. The food was Tory earefolly prepared, in 
order that it might be nniform each day. The cost of the diet which contained 
animal food was 2.61 marks (62 cents) per day, while that of the diet containing 
only Tcgetable food was 2.22 marks (55 cents). The amonnt of arine and its specific 
gravity were determined daily, as well as the approximate amoant of nitrogen. On 
three days the nitrogen was accarately determined. The feces were weighed each 
day, and on three days the nitrogen was determined. It is presamable that the 
figures obtained are fairly representative of the whole period, since Tariations fh>m 
the regular rontine were avoided as mnoh as possible. No particular inconvenience 
was experienced in following either dietary, nor did the food become distasteful. 

The conclusion is reached that the animal protein can be replaced by vegetable 
protein without any particular change in the nitrogen balance. From an economio 
standpoint, the only difference in the cost of the two kinds of diet was due to the 
fict that lees fuel was needed to prepare the vegetable food. 

Nos. 8-10 were made by Voit in the laboratory of the Physiological Institute, in 
Munich, in 1886. The object of these experiments was an investigation of the merits 
of a vegetarian diet as compared with a mixed diet. In No. 8 the subject was an 
upholsterer. In Nos. 9 and 10 the subject was the laboratory servant, so often used 
for experiments by Voit and his associates. The upholsterer wss a strict vegetarian. 
For three years his dietary had consisted entirely of bread, fruit, and oil. No warm 
food was eaten. The man was normally develope<l and appeared healthy and well 
nourished. 

For purposes of comparison the laboratory servant was given the same kind of 
food which was relished by the vegetarian. It was, however, very distasteftd to 
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liim, aud after a few days could not be eaten. The food and feces were analyzed nnd 
the nitrogen in the nrine was determined. The vegetarian was practically in a con- 
dition of nitrogen equilibrium with this diet. It was, however, not sufficient for the 
laboratory servant. He lost considerable nitrogen, though less than when no food 
was consumed. If the diet had been followed for a longer time it is possible that a 
condition of nitrogen equilibrium would have been reached. 

Voit's conclusion is that it is perfectly possible for a person to subsist entirely on 
vegetable food, but that a mixed diet is to be preferred. 

Nob. 11-20 were made by Avsitidiski in St. Petersburg in 1889. The object was 
to study the metabolism of nitrogen and losses through the skin and lungs on a 
vegetable diet. The subjects were prisoners of the St. Petersburg civil prison, all 
healthy men, between 20 and 29 years of age. Five series of experiments are 
described, each of which was divided into two 10-day periods. In two series (Nos. 
11-14) the subjects were on a mixed diet during the first period and on a vegeta- 
ble diet during the second period, while in the other three series (Nos. 15-20) the 
conditions were reversed, and a preliminary period of two' days on a special prepara- 
tory diet preceded the test proper. There was an interval of three days between Nos. 
19 and 20, during which time the subject was suffering from diarrhea. 

The nitrogen of the food, urine, and feces was determined by the Kjeldahl- Boro- 
din method. The excretion through the skin and lungs was calculate<l by the method 
of SanctoriuB — that is, from the original weight of the body plus the total income 
for the period was subtracted the weight at the end of the period plus the weight 
of the outgo. 

In all the exx>eriments the metabolism and assimilation of nitrogen were less on 
the vegetable diet than on the mixe<I diet. The excretion through the skin and 
lungs in all cases was greater ou the vegetable diet than on the mixed diet. 

Nos. 21-24 were made by Taniguti in the Japanese Imperial Military Medical 
School at Tokyo in 1892. The object was an investigation of the value of the 
Japanese rice diet. The subject was a healthy laboratory servant. The food was 
rice or rice and some other vegetable food. In one test takaun (salted vegetables, 
chiefly turnip) and meat extract were each used as condiments. Miso (a thick 
sauce made from soy beans) was also eaten. Few details are quoted. In most cases 
there was a small gain of nitrogen. 

EXPERIMENTS WITH A MILK DIET. 

In Table 2 are included 46 tests with men, 6 with women, and 17 with 
children in which the influence of a milk diet was studied. A num- 
ber of the experiments were dietary or digestion studies, in which the 
balance of income and outgo of nitrogen was also determined. 

When milk or other single food is consumed for several days the 
monotonous diet often becomes so repulsive as to cause more or less pro- 
nounced digestive disorders. On an absolute milk diet, in order to sup- 
ply the subject with the necessary amount of protein and energy, a 
large quantity of milk must be consumed. If the amount taken at any 
one time is large, digestive derangements sometimes result, owing to the 
formation of masses of coagulated milk in the stomach. This may be 
prevented in a measure by consuming dry bread or other similar food 
with the milk. It is uncertain how much, if any, the digestibility and 
assimilation of milk are affected by the addition of other food to the diet. 

A number of experiments with diseased subjects in which milk was 
the principal or only food consumed are included in Table 18 (Nos. 
1507-1546) and Table 19 (Nos. 1869-1878). 
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Kofl. 25-27 were made by Bubner in Munich in 1876| and form a series with 
No8. 127-148, Table 3, and Nob. 413-417, Table 7. The object was to investigate the 
digestibility of milk. The subject was a professional man. The ouly food used was 
milk. The dry matter, nitrogen, fat, sugar, and ash in the milk were estimated 
from previons analyses by Volt. The feces were analyzed, the dry matter, nitrogen, 
ether extract, and ash beiug determined. No carbohydrates or protein were found 
in the feces. The milk feces could, of course, be easily separated. 

The author remarks that the solid matter of milk is not as completely digested 
by adults as that of meat or eggs. This is largely due to the fact that the percent- 
age of ash in the solid matter is larger in milk than in the other two articles. 
According to the author, the nndigosted organic matter from meat amounted to 4.1 
to 4.7 per cent, from eggs 4.7 per cent, and from milk 5.4 per cent of the whole, not 
a very considerable difference. Young children digest milk more completely tban 
adults. Forster* found that only 6.4 per cent of the solid matter of milk was undi- 
gested by a nursing infant. This may, perliaps, be explained by the fact that a 
considerable part of the ash of milk is composed of calcium salts and these woald 
be more needed by the young organism for the formation of bones than in the case 
of an adult, and not so much would be left in the undigested residue to form insoluble 
salts of the fatty acids. 

Nos. 28, 29 were made by Hoffmann in Dorpat in 1884 (f). The object was to 
investigate metabolism with an absolute milk diet. The subject was a physician in 
good health. lie changed his ordinary diet to an absolute milk diet gradually. It 
was impossible for him to consume over 3 liters per day. The amount of protein in 
tho milk and the nitrogen in the urine and feces were determined. 

No. 28 was made in the winter, and there was a considerable loss of nitrogen. 
No. 29 was made in the summer, and the loss of nitrogen was not so great. 

The experiments and opinions of other authors are quoted. The great value of 
milk as a diet for the sick is insisted on. 

Nos. 30-43 were made by Slatkowsky in St. Petersburg in 1881(f). The object 
was to study the influence of profuse sweating on the assimilation of milk. The 
subjects were 2 men and 1 woman. The only food consumed was milk. Large 
quantities were taken daily without any difficulty or bad results. The nitrogen in 
food ( ?), urine, and feces was determined. In Nos. 28-35 a period of 3 days on milk 
diet nnder ordinary conditions was followed by a 2-day period in which profuse 
perspiration was induced. This seemed to increase the amount of nitrogen absorbed. 
It is possible, however, that this might be due to the fact that the organism became 
used to the milk diet. To settle this point the conditions were reversed in Nos. 36-39, 
and in Nos. 40-43 milk diet was followed for 5 days and perspiration was not 
induced. It was found that when a milk diet was followed for some time there was 
an increased assimilation of nitrogen. 

Nos. 44-48 were made by Laptchinsky in 1880 ( f ). The object was to investigate 
the value of a milk diet. The subjects were 3 healthy individuals and 2 who were 
recovering from an illness. The food consisted of milk and a very little bread or 
pastry {Gehack), 

The subjects of Nos. 44, 45 did not change in weight during the experiment. The 
subject of No. 46 lost 4 kilograms in 6 days, the subject of No. 47 lost 520 grams in 
6 days, and.the subject of No. 48 gained 550 grams in 5 days. 

Nos. 49-53. See Nos. 462-473, Table 7. 

Nos. 54-78 were made by Rudenko in St. Petersburg in 1885, and form a series with 
Nos. 2621-2635 with dogs. The object was to study the metabolism and assimila- 
tion of nitrogen on a milk diet. 

Eight series of experiments were made with men and women. In the first two 
series (Nos. 54-57) the special object of study was the metabolism of nitrogen at tbe 
time of the transition from the customary mixed diet to the milk diet. The author 



^ Ztschr. Biol., 15 (1879), p. 135. 
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hiuMelf, who wan a healthy person, was the sabject of Noe. 54, 65. The sabject of 
Xoe. T/G, 57 waM a very cor|mlent man, thoagh otherwiae in good health. 

In the laiit six series the sabjects were saffering from Tariona dlaoMee. They under- 
went a Ho-^tkiled milk treatment. The aobjects of Noa. 5S-75 at first drank 4 glaaaea 
of whole milk a day in 8 i>ortions. This quantity waa increas ed a half glass each 
day nntil 10 to 12 glasMS per day were eonsumad. The quantity of milk was then 
gradually diminished and solid food taken in its place. The subject of Noe. 76-78 
dxank as much milk as he wished. 

It was the usual plan in these experiments to begin to collect the urine and feces 
one day after the test commenced and to continue it one day after the test ended. 

The nitrogen in the food, urine, and feces was determined by the KJeldahl method 
except in No. 75, in which the Kjeldahl-Borodin method was used. 

The author gives the results of Nos. 54-57 an follows: During the transiUon ttom 
the mixed to the milk diet there was a marked decrease in weight. Howeyer, this 
was not due to an excretion of the products of the cleavage of protein, but must be 
ascribed to a loss of water from the tissues of the body. The outgo of nitrogen in 
the urine was increased. 

The results of Nos. 58-78 are summed up as follows: The weight of the body 
decrirased in every case, considering the test as a whole. The decrease wss more 
striking at the beginning of the milk treatment. As the treatment proceeded the 
loss of weight was less, and sometimes there was a slight gain. The outgo of nitro- 
gen exceeded the income in all cases at the beginning of the milk period. As the 
milk period progressed, the difference l>etween the income and outgo of nitrogen 
liecame less. In the majority of cases nitrogen equilibrium wss reached when 2,000 
cubic centimeters of milk per day was consumed. The assimilation of nitrogen of 
milk varied within wide limits. In general the quantity of urine excreted as com- 
pared with the quantity of milk consumed was larger during the first days of the 
period and less later on.' 

The excretion of urea, phosphates, and sulphur is also discussed. 

Nos. 79-96 were made by Markov, in the laboratory of Koshkakov, in St Petenburg, 
in 1HS8. The object was to stndy the metabolism of nitrogen in healthy persons on an 
absolute milk diet. Seven series of experiments carried out at the clinical hospital of 
the Military Medical Academy at St. Petersburg are described. The subjects were 
6 medical students. The experiments were usually of 14 days duration, and were 
divided into three periods, the first and third on a mixed diet and the second on 
an exclusive milk diet. Complete data were not given for all the periods. The food 
was uniform in all cases, consisting in the mixed diet of soup, with an admixture of 
pearl barley ; a piece of fried meat, from which the bones, tendon, and as much as 
possible of the fat were removed; boiled milk, white bread, and tea. 

Before the beginning and also at the end of each experiment, in order to identify 
the fe es corresponding to the period of the ex}>eriment, the subjects were given 
stewed blackberries. 

The occupation of the subjects in the first four experiments was intense intelleotoal 
work, such as is re<[uired in the preparation for the final examinations, and in the 
last two experiments attending lectures and reading. The nitrogen in food, urine, 
and feces, was determined. The author sums up the results of his experiments as 
follows : The metabolism of nitrogen in healthy persons on an absolute milk diet 
was regulated by the quantity of milk taken, being lower when much milk was con- 
sumed and higher when less milk was consumed. The percentage of nitrogen of 
urea increased and that of nitrogen of extractives decreased in the urine. 

Under the influence of an exclusive milk diet the quantity of uric aoid decreased 
in a marked degree and the power of assimilation increased. 

The influence of an absolute milk diet extended also over the following mixed diet 
period. 

On comparing the figures relating to the milk diet with those relating to the mixed 
diet in the first period, it was evident that on the milk diet there was less nitrogen 
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digested and also lew excreted through the iirine, but that the amount of urea was 
larger by 8 per cent and the amount of extractives correspondingly smaller. Con- 
sequently the metabolism on the milk diet was lower in quantity but better in quality 
than on the mixed diet in the first period. 

In the third period (mixed diet) the quantity of the nitrogen digested was less 
than in the first period but more than in the milk period, and the quantity of nitro< 
gen excreted was 2.8 per cent less than in the first period and 0.2 x)er cent less than 
in the second period, while the urea was 8.8 per cent more than in the first period 
and 0.8 per cent more than in the second. Hence it follows that the metabolism in 
the third period was lower in quantity but better in quality than in the first and 
second periods. 

No. 97. This experiment was made by Prausnitz in the laboratory of the Physio- 
logical Institute, in Munich, in 1889. The object was to investigate the digestibility 
of milk. The subject was the laboratory servant who had boon so often used in 
Rnbner's experiments. The only food was milk. This was purchased in quantity, 
thoroughly mixed, put into little flasks, and sterilized by heating for two hours in a 
Koch steam sterilizer. The milk was kept in the flasks on ice and slightly warmed 
before it was used. The food, urine, and feces were analyzed. 

The conclusion is reached that milk is one of the most useful, convenient, and 
e<}onomical sources of protein. 

Nos. 98-113 were made by Listov in St. Petersburg in 1892. The object was to 
compare the metabolism and assimilation of nitrogen when raw and Hterilized milk 
were consumed by healthy adnlt persons. Eight experiments are described, each 
covering 6 days, divided into 2 equal periods. In one i)erio<l raw milk was consumed, 
in the other sterilized milk. In addition white bread and sugar were consumed. 
The milk was sterilized with Kooh's apparatus for If hours^ at a temperature of 100 
to 110^\ The nitrogen in the food, nrine, and feces was determined by the Kjoldahl- 
Borodin method. 

The following conclusions were reached: The assimilation of the nitrogenous 
constituents of sterilized milk was somewhat less than raw milk. The mean assimi- 
lation of the former was 91.8 per cent and of the latter 93.6 per cent. The quantita- 
tive metabolism in each case was practically the same, being 90.4 per cent in the 
sterilized milk and 91.4 per cent in the raw milk. Sterilized milk contains no pep- 
tones. The amount of nitrogenous constituents assimilated from the diet followed 
in the present experiment is somewhat less than on an absolute milk diet, as shown 
by Markov's experiments, Nos. 79-96. 

Nos. 114, 115 were made by Magnus-Levy in the laboratory of the Agricultural 
Institute in Berlin, in 1891, and form a series with Nos. 281-284, Table 4. The object 
was to iuveetigate the digestibility of milk and bread, and by comparing the results 
with those previously obtained to judge of the effect of alcohol on metabolism. 

The subject was a boy 16 years old who had never used alcoholic drinks, and none 
were consumed during these two tests. In No. 114 the diet was exclusively milk. 
No bad effects were noticed. In No. 115 the diet consisted of milk, bread, butter, 
and sugar. 

The food, urine, and feces were analyzed. 

The following conclusions are drawn: Slight differences in the assimilation of 
nitrogen and fat are noticed in the cases of individuals who use alcohol and those 
who are total abstainers. On the whole, however, assimilation is as good in one case 
as the other, for the carbohydrates which furnish most of the energy to the organism 
are almost completely assimilated in both cases, provided they are consumed in a 
suitable form and in not too great quantity. 

Nos. 116-125 were made by Lange at the Medical Institute at the University of 
Leipsic, in 1896. The object was to study the metabolism of nursing children when 
fed cow^s milk. The subjects were young children. The food consisted of a mixture 
of two parts cow's milk and one part of a 12.3 per cent milk-sugar solution. This 

749— No. 45 3* 
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was sterilized by Hoilili>t'e motliml. Tbn nrine was collecteil liy E]iBteiir» inotliod. 
The uiCrof^n in the food, nrine, and Tei'eB waa iletermiued. 

The faltoiriug roncluaions wera readied : The nitrogen of cow's uiilk when it in 
properly prppurod (diluted with iiiilk-Biigar Bolutiou iiurt Hterilweil) ia Blmodt im 
tbiirotif^bly ouiinilitted as that of miitber's milk. The dry matter in the feciu is 
alioiil twice OS grout in the i-aao of a dyspeptic subject iw with a henlthj child, and 
th» amount of nitrogen in the feces i» also graater, though the percQiitajfo cooteutiB 
Uaa Ihiiu when thefnnotiODB of thn stomach are uormiLl. ThennrsinguhiMfud with 
milk in not in nitrogen eqailibrinm, Imt retains large r|ua^tiCic^s of nitrogen, uBn.illy 
more tli»n uorreaponils to thi' gain in wxigbt. Thin diacrepann'y can beat liu 
expliiinod by the fact that the child's body grows with groat rapidity and reUius 
large iinontitiea of nitrogen for the formation of new t.'elis, though the- author dues 
not question Cnuierer nnd too Moorden's Ihoory of incrcMed intestiDal work, or 
Biedert's theory of the formation of free nitrogen by intestinal bacteria, which 
might account for the excess. 

A test by practically the same methods was alsri made by the author with a dog 
(seeNo. 2715, Tabh-2e). 



SXPBBIMENT^ WITH HREAD AND UTHEE KINOLE Ponn MATREIAL.S. 

Ill Table 3 are included 115 t«st8 with men and 3 with women in 
wliich the diet cttusisted of meat, eggs, cheese, bread, or other single 
fowl iDatenals, The bread was of variouH kinds, inclndiiig that made 
from rye, flue wheat tionr, and whole wheat flour. The m^ority of the 
exiierimeuts <iuoted were studies of digestibility iu which the balance 
of income and outgo of nitrogen was also determined. In some cases 
iu which vegetableB were consumed the experiments can hartlly be 
considered normal, since the total amount of food couBume<l was uisufti- 
cient for the needs of tlie organism. 

Experiments on the inflneuce of a single food material are of two 
geueral tyjwB — either the particular food may be the ouly food con- 
sumed, or it may be the varying constituent in an otherwise uniform 
diet. As point«(l out in discussing a milk diet, there are practical diffi- 
culties in conducting experiments with a diet couaistlngof a singlo 
food. The monotonous diet may become repulsive and derange the 
digestive functions more or less. The experimenbil period must be long 
enongh to eliminata the inflnence of the preceding diet, bnt not long 
enongh to derange normal functions. It is often difficult to obtain pro- 
tein, fat, and carbohydrates in the proper proportions when only one 
food is eaten. For instance, if meat, eggs, or other material with a 
high nitrogen content is consumed in sufBcient quantity to furnish the 
requisite energy the amount of protein wonld be considerably in excess 
of the amount which dietary standards call for. When small amounts 
of other foods are t:onBumed with large quantities of the special food 
studied, it is uncertain bow far digestibility and assimilation are 
iuHueuced, 

Experiments in which single foods have been studied with diseased 
sabjecta will be found in Tables 17-23. 
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WQH Hterilizetl l»y Soxhiet's methoil. Tho nrine waft collected by Epstein'^ method. 
Tlic nitro^ea in the ro<Ml, nrine, and feces was determined. 

The following conclnsionii were reached: The nitrogen of cow's milk when it is 
properly pn'pare<l (dilntedwith milk-sngar solution and sterilized) is ahnoHt as 
thoroaghly assimilated as that of mother's milk. The dry matter in the fect^is 
about twice as s^eat in the case of a dyspeptic snbject as with a healthy child, and 
the amount of nitrogen in the feces U also grrnKter, though the percentage content is 
lewi than when the fnnctioos of the stomach are normal. The nursing child fe<l with 
milk b* not in nitrot^n eqnilihrinmy hut retains l^rge qnantitios of nitrogen, usually 
more tiian correapomhi fio thu^ i^^ in wei^t. This discrepancy can best be 
expL-kineil by che fiwrt that the ehilti's body grows with great rapidity and retains 
larj^ quantities of nitrogen for the tbnnAtioii of b«w cells, though the author does 
not question dhmcr^ ami Toa !¥«Mrtimi'9 tluMcy of tocreased intestinal work, or 
Biedert's theory of the formatioii of t^aft nitrogen bj intestinal bacteria, which 
niiichft account for the exesea. 

A test by praetii*ally the same methods was a2s«> maitt hy the author with a dog 
(4««* No. 'i745. Table a» ». 

EXPCRDciizrrs wrre rkeai> a^i> othis snffwUi pood materials. 



lu Table :t are ineladed 115 teats with men sad 3 with women in 
which the diet coni^i.^ted of meat, egjss, eheese* bread, or other single 
fodl materiaU. The bread wae\ of Tarioiu kinds* inelnding that made 
lfh>iu Tve^ fine wheat floor, and whole wheat df>ar. The mtyority of the 
exiieriments quoted were stadie:s of digestibility in which the balance 
of income and ootgo of nitrogen wskA aUo determined. In some cases 
ill which vegetables were consomed the experiments can hardly be 
ctmsidere<i normaL since the total amount of food eonsomed was insuffi- 
cient for the needs of the organism. 

KxperimentA on the influence of a single food material are of two 
general types— either the particular food may be the only food con- 
sumed, or it may be the varying ci>nstituent in an otherwise uniform 
diet. As pointed out in discussing a milk diet« there are practical diffi- 
culties in conducting experiments with a diet consisting of a single 
food. The monotonous diet may become repulsive and derange the 
<ligestive functions more or less. The experimental iieriod must be long 
enough to eliminate the influence of the preceding diet, but not long 
enough to derange normal functions. It is often difficult to obtain pro- 
tein, fat, and carbohydrates in the proper proportions when only one 
food is eaten. For instance, if meat, eggs, or other material with a 
high nitrogen content is consumed in sufficient quantity to furnish the 
requisite energy the amount of protein would be considerably in excess 
of the amount which dietary standards call for. When small amounts 
of other foods are consumed with large quantities of the special food 
studied, it is uncertain how far digestibility and assimilation are 
intluenced. 

Experiments in which single foods have been studied with diseased 
subjects will be found in Tables 17-23. 
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i2 A DiGEirr or uvrrxHoi^ism expesimests. 



So, I'^f vft* ma^!/- ^/T J>kuuji&9 :a Kfif. la l^C^ I>tluK4sa sbd Profrior Ilmsse had 
iiv^fl ,«/r thr«« viNrkK «rDtinri> <>ii «auB»I £(Md« BMat ^t*^^ five chief article of diet. 
No iiM<rDT«iii«t>c« vjM rxf^neo'^d a£»d !>«# Ir^ »fvpr «f5»«t* vere notioed. Huh led 
J^rlmuajji u» trj a M:<r/:>«i ^xpcriowro: vitL asimal f^od. »zui «9:^ vere aelected as an 
article of di^rt t^tscaoAe it v^^.ioore eoov^niA-iit to det«rmiii« the nifiogvii in them 
than in nkeat. In ord^r that the •t-jl^ mi^hx har« the saiKt«r vsurr cuotfent they were 
dri^l for 2% hour* at :» t«*u:;p^ratur^ «/f :& C. It va« found that an egg then con- 
taiij#4 oil ari av^mg^; 2^{>/l gram* of vhite ax*<i L>J>t grains yolk. During 4 days 
12He;;ga w«rr«: orurunMxi— .'£^ p«r day. Thia vould W 736.3 $i^<n* vhite and 497.3 
graiiiM yoik [^r day. Sonv: of the egga were *:aien raw and some boiled. The 
anxotiiit of albfini«ru iij the egg4 waa determioefL and on the basis of S«-herer8 anal- 
yae« the aiuonut of nitrogen in th^ albnmen cal'-nlatod. The amonnt of carbon con- 
aunie«l wa>> ah»o <:al<faLat#^. The nriue wa«» collected each <lay, measured, and the 
dry matter detenDin«^. Tlte nr*^ wa» d*rtenBirteii as follow*: A sample of the urine 
was evafM»rate>d to atiout >- to -. of its volume. The urea was then taken up in 93 per 
eeut alcohol. The alcohol was partially evaporate*!, the remainder diluted with water 
and treated with nitric a^id. The nitrate of urea wsa filtered off and purified. The 
nitrogen in the urine can be calculated from the urea, and this was done in order 
that the ex|*eriment mi;;ht Ix- included in these tables. Lehmann did not collect the 
fe«:es. theri'fore the amount of nitrogen in the fcM^es when only egg*^ are consumed was 
supplied frimi Kubner's exi>erinient No. V^. In Rnbuer'tf experiment the amount 
(ymwnined wan iMim<'what smaller than in Lehniaun's. but this would probably make 
very little difference, aui the nitrogen of the eg;:« is very completely assimilated. This 
ez|i«'riment is interesting chiefly from an historical standpoint. It is the earliest which 
has )ie<'n found that could lie included in this summary of iueta)>olism experiments. 

Three oth<rr similar experiments were made by I^hmann with a mixed diet, a veg- 
etable diet, and a nitrogen-free diet. No details of the foo<l consumed are given 
ez<-ept in the last ease. The food then consisted! of almond oil, starch, and sugar. 
The time was 3 dayK. The daily excretion of un^a was 15.4 grams (or 7.4 grams 
nitrogen), 'llie feces were not collected. According to Rieder i No. 41H-420, Table 
7>, with siniilar nitrogen-free diet H.5 to 0.9 grams nitrogen are excreted in the feces. 

Nos. 127-145 were m;ide by Kubner in the laboratory of the Physiolog:ical Institute 
in Munich in lX7x. Tlie obje<'t was to investigate the digestibility of a number of 
single foo«l materials. 

In Nos. 127 and 129 the subject was a medical student. His food cousistcMl of lean 
betftf, which was prepared by separating the fat, gristle, and connective tissue as 
completely as wan practi<'able with shears. The meat thus prepared was fried or 
roaKt4'<l with a little butter, onion, salt, and peppiT, and eaten either with well 
wat^rr or carlnmated water as a l>everage. For purp<iscH of analysis specimens of 
the meat after it had been cooked with the above materials were taken each meal 
time and the fat and water detennined. The quantity of nitrogen in the meat 
was estimatefl. For this estimate the nitrogen content of the dry, fat-free flesh was 
assumed to 1h) 14.11 per cent. Although the meat was extremely palatable^ it 
was almost impossible for the subjeet to eat it on the third day. Eating moat alone 
caused a strong aversion to it. 

The Huhjeet of No. 128 was a student of me<licine. The only food was eggs, which 
were boiled hard in the shelbi au<l eaten with a little salt Water was the only 
beverage used. The dry matter in the eggs was determineil, but the nitrogen, fatj 
an<l ash were ealciilated from previous analyses by Voit. 

In Nos. 130 and l.'U the Hubject was a laboratory servant, 43 years old. The author 
wished to make the experiment with eheene alone, but could find no one willin'g to 
liTe ujum cheese without other food; therefore milk and cheeHo wen* used together. 
The cheeHe used was AUgiiiier (similar to what is called "Swiss" cheese in the 
Uuit4!d StatoH), and the dry matter, nitrogen, fat, and ash in it were estimateil from 
analyses of cheese made by Forster. 

The subject of No. 132 was the medical student mentioned above. The food was 
maize meal cooked to a mush with water and butter, with the addition of grated 
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Parmesan cheese. The subject of the experiment did not relish the food thus prepared, 
and after the first meal made of it meat extract was added. Beer was used as a bever- 
age. The composition of the food was estimated firom Kunig's compilation of analyses. 

The subject of No. 133 was the same as the preceding. The food was rice, which 
was cooked in water or water and meat extract; a little fat and salt were added. 
Analyses of the food were not made^ bat the com]K>8ition was estimated from the 
fignres of Konig and others. 

The subject of No. 134 was a Bavarian soldier who was accustomed to a diet con- 
sisting largely of potatoes. The food consisted of potatoes, which were boiled and 
eaten with salt or butter, or with oil and vinegar as salad. It is not stated whether 
analyses were made of the potatoes or whether the composition was estimated. 

The subject of Nos. 135-140 was the laboratory servant mentioned above. In Nos. 
135 and 136 the food was bread made from fine wheat flour. The dry matter, nitrogen, 
and ash in the flour and yeast were determined by analysis, and the results were 
used in computing the composition of the bread, which was made in the Physiolog- 
ical Institute, where the experiments were carried on. 

The food in No. 137 consisted of apatzeln, a dish wbich is much eaten in the Bava- 
rian highlands. A stifle dough is made of flour, water, and sometimes milk and eggs 
also. It is pressed through a sieve into boiling water and cooked for a few minutes. 
In this case only flour and water were used. The flour was analyzed and the com- 
position of the ipdizeln computed from this analysis. 

The food in No. 138 consisted of black bread made from rye flour. It was analyzed. 

In No. 139 the food consisted of macaroni noodles, which were cooked in salted 
water. It was analyzed. 

In No. 140 a kind of macaroni was used wbich contained gluten, a substance made 
from wheat and containing a large amount of nitrogen. The macaroni was cooked 
in salted water and was analyzed. The gluten furnishes a cheap and valuable source 
of nitrogen. 

Nos. 141 and 142 were made by Breuer in the Munich laboratory, in 1878, and 
reported by Rubner. Breuer himself was the subject. In No. 141 the food was 
Savoy cabbage, and in No. 142 carrots. The vegetables were cooked in water, with 
salt and a little fat. 

The subject of Nos. 143 and 144 was the same laboratory servant. The food con- 
sisted of peas, which were purchased dr^', carefully cleane<l, and cooked in water 
2 or 3 hours, and then pressed through a fine sieve. Salt was eaten with the peas, 
and beer was used as a beverage. Full analyses of the peas were made. 

The subject of No. 145 was the medical student mentioned above. The food con- 
sisted of green beans (presumably '^ string beans''), which were cooked in water 
with some batter. It is not stated whether analyses wore made of the beans, but it 
seems probable that they were. Rubner remarks that too much value should not be 
placed on this experiment, since the quantity of solid matter in the diet was too 
small to serve in any adequate manner as food. 

The conclusions drawn from the above series of experiments have to do with the 
digestibility of the various foods. 

Nos. 146-148 were made by Rubner in the laboratory of tlie Physiological Institute, 
at Munich, in 1882. The object was to investigate the value of wheat bran as food 
for man. The subject was the laboratory servant mentioned above. In No. 146 the 
food consisted of bread made from the finest wheat flour, in No. 147 from me<lium 
wheat flour, and in No. 148 from the entire wheat. The bread for the experiment 
was very carefnlly made from flour, yeast, water, salt, and a very little sugar. Beer 
and water were consumed as beverages. The dry matter, nitrogen, fat, carbohy- 
drates, and ash in the flour, the dry matter and ash in the yeast, the dry matter, 
nitrogen, fat, and ash in the feces, and the nitrogen in the urine, Averts determined. 
The nitrogen in the yeast was calculated. The separation of the feces was made 
with charcoal or by eating meat. Meat an<l bread feces are each characteristic, so a 
separation is possible. 
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Tbe eooelasioD Ia rea<rbe<l that the natriento in eoftne br^ad are not as ihoronghly 
digefttenl a« in Ypread made from finer floar. The loss falls prineipaUr on the rarbo- 
b jdrates. The amoant of material excreted in the faces intrttmtm with the increased 
bran content of the flonr. 

Xos. 14^177 were made bj Solntzev in St. Petersburg in 1)^86. The object of the 
inrestigation was to stadj (1) the qaalitative and qnantitrve rompoaition of nev- 
eral kinds of cannetl goods, (2) the chemical composition of the ingredients of tho 
canned eoods, and 3) to compare the natritive ralne of canned goods with freehly- 
prsj«ared fowls. The author inrestigatefl 4 kinils of canned meat ^roast beef, roast 
matton, ragont of beef, and ragont of mutton), and 4 kinils of eanneil Tegetables 
with or withont meat (sour cabbage sonp, peas and meat, beans and meat, and lentils 
and m#^t>. These articles were canned by ord«rr of the Russian department of war. 
They were compared with meats freshly prepared by cooking at a temperatnre of 85-' C. 

In the preparation of the canne<l goods the Appeur process, as modified by Fastier, 
was nMed« The canned goo<ls were prepared in 1883. This inrestigation was made 
three years later, and of the 300 cans opened not a single one was spoiled as far as 
could be judged by taste and o<lor. 

The subjects were prisoners in solitary confinement at the St. Petersburg military 
prison. They were between 22 and 26 years of age, healthy, and well built. 

The nitrogen of the foo«l, urine, and feces was determined by the Kjeldahl method. 
Of the 29 tests, B were made with beef, 6 with mutton, 5 with beef and brea*!, 7 with 
mntton and bread, and 5 with black bread. Two other tests were made with a diet 
€ff beef and bread in which the nitrogen in the urine was not determined. 

The author draws the following conclusions: The canned goods h:id kept as well 
as could be desired. The taste wns tolerably satisfactory, but the meat was over- 
cooked. The assimilation of eanned meat taken alone or with black bread was con- 
siderably lower than that of freshly-coi»ke«l meat. Tlie canned preparations were 
not at all homogeneous, the meat, fat, and tendon l>eing very irregularly distributeil. 

Nos. 178-liM were made by Knrcheninov in 8t. Petersburg in 1887. The object 
was to investigate the assimilation of the protein of millet meal. Millet (Panicum 
miliaceMm) is a eereal suited to hot and temperate climates. Millet meal is prepared 
by removing the hull from the grain and grinding. Five experiments arc described, 
each consisting of four periods, (1) on a mixed diet, (2) on a diet of thin millet-meal 
porridge, (3; on a diet of thick niillct-iiieal porridge, and (4) on a niixeil diet. 

The nitrogen of the fooil, urine, and feces was determined by the Kjeldahl-Borodin 
method. 

The results obtaineil do not indicate that millet meal in tho form of a thin or a 
thick porridge is well assimilated. The assimilation of the mbced diets in the first 
and fourth periods varied in the different experiments fVom 89.U7 per cent to 91.08 
per cent. The assimilation of the two sorts of millet-meal porridge varied from 40.04 
per cent to 43.81 per cent. The author does not consider his experiments decisive, 
since the subjects were not used to this kind of food. 

Nos. 195, 196 were made by Atwat<;r at the Physiological Institute, in Munich, in 
1882-83, to compare the iintriti vo values of fisli and meat. The subject was a medical 
student. In onepcriml fish was consumed and in the other lean beef, the amount of 
dry matter being about tho same in each case. In addition, some fat and a little salt 
or other Qondiuient was eouHumed also. Be<»r, wine, and coffee were used as bever- 
ages. The foml and f<^c(!H were analyzed and the specific gravity, reaction, and 
nitrogen in the urine were determined. 

Tests were also made with a dog (sec^ Nos. 2703, 2704, Table 28) under practically 
th(^ same experimental conditions. 

The conclusion was reached that fish was as well digested and absorbed as lean meat, 
that is (as its composition would indicate), fish has jiractically the same nutritive 
value as lean nu^at. The value of fish as an inexpensive article of diet is discussed. 

Nos. 197-215 were made by Malakhovski in St. Petersburg in 1889. The object 
Was to study the chemical composition and assimilation of potassium and sodium 
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albnmi nates. Fonr preparations of tho alkaline white of eggs are found in the mar- 
ket, (1) sodium albuminate powder, (2) potassium albuminate powder, (3) the same 
alkaline albuminates in aloohol, and (4) a powder resembling egg yolk. Their com- 
position was determined. 

It is important to note that the alkalinity of these preparations is consideraltly 
greater than that of the fresh egg albumen. For instance, that of potassium albu- 
minates is 0.269 per cent, while that of the white of an egg i8 0.00523 2)er cent. 

Nineteen experiments are described, 4 of which lasted 2 days. The remaining 15 
were of 3 days' duration. The various preparations were given to the different sub- 
j«»cts with a vegetable or mixed diet. Most of the subjects were convirts in prison. 
The nitrogen was determined by the l^eldahl-Willfarth method, and the starch by 
the Faulenbach method. 

Tlie author sums up his conclusions as follows : 

None of the subjects receiving the preparations felt well. As regards chemical 
composition the albuminates in alcohol resemble most nearly the normal albumen of 
hen*s eggs. An essential and marked defect of all the preparations under considera- 
tion is the high degree of alkalinity. The assimilation of vegetable food is increased 
but little under the induence of the albuminates. The sodium albuminate is some- 
what better assimilated than the potassium albuminate. The metabolism of nitro- 
gen increases strikingly and especiall}' under the inlluence of the potassium jiowder. 
The preparations wore not satisfactorily preserved. This wascHpecially the case with 
the albuminates in alcohol and with the yolk-like preparations. A putrid odor indi- 
cated decomposition. From an hygienic standx)oint none of those 2)reparationH aro 
valuable. 

Xos. 216-230 were made by Kuznetsov, in St. Petersburg in 18H9. The object was 
to Htudy the effect of feeding tata albumen. The preparations used were of two 
forms, a powder and a jelly. The former was either a potassiuni or sodium albumi- 
nate and the latter was preserved in 50 per cent alcohol. 

The author himself was the subject of 12 of the tests, and the Hubject of 3 tests was 
a midwife. 

The following conclusions were reached by the author: The alkaline albuminate 
powder was quite capable of replacing meat in supplying the organism with nitro- 
gen, provided eciual auiounts of nitrogen were introduced in each case. When nearly 
equal quantities of vegetable and animal proteids were introduced, 63 grams of the 
albumen powder was Hufficient not only for maintaining a nitrogen equilibrium, but 
also for a gain of nitrogen in the organism. A like result was obtained by using a 
quantity of tata jelly equal to 31.5 grams of the dry albumen. The assimilation of 
the tata albumen was 1 per cent less, and that of the potassium albuminate 2.5 per 
cent less than that of meat. The assimilation of the sodium albuminate was only 
1 per cent less than that of fresh meat. It was observed that the use of the album- 
inates did not cause digestive or general disorders, and the Aveight of the body 
increased as compared with the meat period. The muscular energy, which was 
measured by a dynamometer, was found to increase on the albumen diet. 

The preparations of tata albumen are tasteless, but with suitable flavoring, 
gravies, etc., are not at all disagreeable. Tata jolly is quite palatable. 

No. 231. This experiment was made by Prausnitz in the Munich laboratory in 
1889(f). The object was to study the digestibility of beans. The subject was a 
laboratory servant. The food consisted of white beans, which were soaked in water 
over night and cooked in salted water until soft. Some flour was browned in fat 
and this mixed with the beans, with the aduition of a little vinegar and some of the 
water in which the beans were cooked. Analyses were made of food, urine, and 
feces. The chief interest in this experiment attaches to the digestion of the nitro- 
gen. The amount undigested, 30.3 per cent, is much larger than in Rubner^s 
experiment with peas (Nos. 143, 144) ; but it must be remembered that the peas were 
eaten in the form of a mush, while the beans were, for the most part, whole. This 
might have a considerable induenoe on the digestibility. 
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NoM. 2t)2-2:^) were ina<lo by Hultgron aud Landorgron at the laboratory of the (Caro- 
linian Modit^al-Surgical InHtitnte in Stoi^kholin in 18S9. The object was to compare 
the digestibility of margarin and butter when coiiBamed with rye bread. The ex pcri- 
mentoro wore themselveA the subjectH. The diet conHiated of rye bread aud uiargariu 
or butter. The bread was niado with coarse or fine rye flour, water, and yeast, and 
was baked in a hard, thin cake. The composition of the margarin and of the bread, 
urine, and feces was determined. The Heparation of the feces was made with berries. 

The conclusion was reached that there was a difference in the digestibility of but- 
ter and margarin. On an average 4.57 per cent of the butter fat and 6.2 per cent of 
the margarin fat were not digested. The conclusion was also reached that the soluble 
carbohydrates in the coarse bread were entirely digested. 

Nos. 237-239. See Nos. 21-24, Table 1. 

Nos. 240, 241 were made by Solomin at the University 6f Breslau in 1896. The 
object was to investigate the digestibility of tripe. The subject was a laboratory 
servant. The food consisted of bread, butter, and flour with tripe or meat. The 
flour was used in frying the meat or tripe. The separation of the feces was made 
with milk. The food, urine, and feces were analyzed. 

The conclusion was reached that there was no marked difference in the digesti- 
bility of tripe and meat. 

EXPERIMENTS IN WHICH ALCOHOLIC BEYBRAOES, KOUMISS, AND 

KEPHIR WERE ADDED TO THE DIET. 

In Table 4 are included 105 tests with man, in 66 of which boor, wine, 
or other similar alcoholic beverages were added to the diet in varying 
amounts. In 39 tests konmiss or kephir was consumed, with or without 
other food. One of the principal objects sought in the ex])eriment8 of 
the first group was to determine whether or not alcohol is a nutrient; 
in other words, whether by being consumed in the organism it serves 
as a protector of protein in the same way as fat or carbohydrates. The 
effect of alcohol upon the digestibility of fats and carbohydrates was 
also studied. 

Although the interest in problems of the sort mentioned is very wide- 
spread, the number of experiments is comparatively limited. Very 
many experiments of a difierent nature on the effects of alcohol have 
been made. A bibliography of the literature on the subject, with brief 
notes as to the chiuracter of the works cited, has been prepared by 
Dr. John S. BUlings. ^ 

In the experiments of the second group alcoholic beverages were 
studied which are unquestionably foods as well. Koumiss and kephir 
are made by fermenting mares' or cows' milk. In koumiss the fermenta- 
tion is produced bylactic acid and the characteristic ferments of alcohol 
and in kephir it is produced by a special organism, Sdccharomyces 
kephiri, Tlie process of manufacture is described by Muiik and Uffel- 
mann.^ These beverages contain considerable protein, a portion of 
which is said to be partially digested by the process of manufacture. 



'Bibliography (preliminary) of the Literature on the Physiological and Patho- 
logical Kftects of Alcohol and Alcoholic Drinks. Washington, 1894. 

'^Muuk and UiTelmann, Emiihrung dee Gesunden und Kranken Menschen, pp. 
413-416. 
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na A DIGEST OF METABOLISM EXPERIMENTS. 

Nob. 242, 243 woro made by Parkes and Wollowioz in 1860. The object was to 
ntudy the effect of alcohol on the hnman body. Fivo experiments were made. In 
three oxporiment« water was the beverage consnmed, in one 28.4 to 227.2 cubic centi- 
tiiotorH i)i' absolute alcohol was consumed, and in another 341 cubic centimeters of 
brandy. The food consisted of a mixed diet. In every case the nitrogen of the food 
and the nitrogen and urea of the urine were determined. The nitrogen of the feces 
was determined on one day of one water period, and on one day of the period in 
wliich abHolute alcohol was consumed. Therefore these are the only tests included 
in the table. In every case the amount of nitrogen in the food consumed was 17.3 
grams. In the two periods not included in the table, when water was consumed, 17 
grams and 16 grams of nitrogen, respectively, were excreted in the urine, and in the 
]>eriod in which brandy was consumed, 16.4 grams. The conclusion was reached 
that alcohol and brandy had no effect on the excretion of nitrogen. 

Nos. 244, 245 were made by Parkes and Wollowicz in 1870. The object was to 
study the effect of claret on the human body. The subject was a healthy man. 
The food was a simple mixed diet, consisting of bread, beefsteak (fat used for fry- 
ing the steak), butter, sugar, milk, potatoes, and salt. 

For 16 days before the experiment began the subject drank only water. In the first 
test (No. 244) water was used as a beverage, and in the second (No. 245) a good claret 
(Haut Brion, 1863), containing 10 per cent alcohol. The nitrogen in the food was 
calculated on the basis of former analyses. The food was found by previous experi- 
ments to be very uniform in composition. Tlie bread was made at the hospital bakery 
at Netley. The nitrogen and urea in the urine were determined, and on the last day 
of each experiment the nitrogen in the feces. 

The claret had no effect on the nitrogen excretion. The action of the heart was 
increased, the increase being proportional to the quantity of alcohol cousumed. No 
other effects of importance were noticed. The author believes that alcohol was not 
necessary or desirable for the subject of these experiments. 

A third test was made with the same diet and water as a beverage. The nitrogen 
in the urine was 17.5 grams. The nitrogen in the feces was not determined, and the 
results are not included in the table. 

NoH. 246-250 were made by Parkes in 1872, and form a series with Nos. 242-245 and 
858-867, Table 10. The object was to study the effect of alcohol and exercise on 
the human body. The subject was a powerfully built Scotchman. He was very 
temperate, drinking only a little beer and occasionally spirits. 

The food in these experiments was oatmeal and milk. The nitrogen in the food, 
urine, and feces was determined. 

In No. 249 the subject consumed daily 355 cubic centimeters of brandy. 

When no work was done the subject took exercise by walking slowly. The work 
couHisted of digging ground for eight or nine hours per day. He was fatigued by 
thix labor. 

The principal conclusions were as follows : Brandy did not affect the excretion of 
nitrogen during exercise (work) or when no work was done. 

The brandy increased the action of the heart to such an extent that it lessened the 
amount of work the subject was able to perform. 

Nos. 251-280 were made by Mogilianxki in St. Petersburg in 1889. The object was 
to study the inlluence of alcohol on the assimilation and metabolism of nitrogen 
and the assimilation of fats. 

Experiments with 15 subjects were carried out by the author. All the subjects 
were young and healthy, the majority being students of the Military Medical Acad- 
emy. The food consisted of meat freed as much as possible from fat, milk, bread, 
butter, tea, water, and in some cases beef tea and jelly. The determination of 
nitrogen in all the food materials, as well as in thi^ urine and feces, was made by the 
Kj eld ahl- Borodin method. The tea and jelly contained very small quantities of 
nitrogen. Each experiment covered 10 to 14 days, and was divided into periods, 
one with and one without alcohol. Food was taken three times a day, and each 
meal was accompanied by a dose of alcohol duriug one period. The amount of 
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alcohol (absolnte) given to the snbjects daily varied from 60 to 140 cabic centi- 
meters. It was dilated with distilled water to 40^ to 42^ Tralles. Some of the sub- 
jects were long accastomed to alcohol and consumed much of it^ others drank it 
only occasionally, and still others abstained altogether from alcoholic beverages. 
The portion of alcohol administered to each subject was determined by his habits, 
the mle being to give a sufficient quantity to cause slight intoxication. 

The author draws the following conclusions: Temporary drinking of alcohol in 
moderate doses, by those accustomed to it, increases the appetite and causes an 
improvement in the assimilation of the nitrogenous constituents of the food. The 
assimilation decreases in persons not used to alcohol. The quantity of the fatty 
acids excreted in the feces is larger when small doses of alcohol are taken than when 
none is consumed. The reverse is true when larger but still moderate doses are taken. 
In other words, the assimilation of fats decreases under the influence of alcohol. 
The decomxK>sition of protein in the body decreases strikingly under the influence of 
alcohol. Moderate doses always cause this, and small doses frequently do so. In 
these experiments it was observed that a quantitative lowering of the metabolism did 
not depend on the alcohol taken. Persons not accustomed to alcohol are more affected 
by it than those accustomed to it. Alcohol does not increase the amount of urine. 

Nos. 281-284 were made by Zuntz and Magnus-Levy at the Agricultural Institute 
in Berlin in 1890. The object was to study the digestibility and nutritive value 
of bread, and also the effect of alcohol on metabolism. The subjects were the 
investigators themselves. One of them was an habitual beer drinker, consuming 
1,000 to 1,.500 cubic centimeters per day. The other used very little beer, about 300 
cubic centimeters per day. 

The food consisted of bread, butter, tea with sngar, and beer. The bread was 
made by the investigators themselves from weighed quantities of materials which 
were analyzed. That used in Nos. 281 and 283 consisted of jf heat flour, yeast, water, 
and salt. It was glazed with beaten egg. That used in Nos. 284 and 285 consisted 
of wheat flour to which 20 per cent of potato starch had been added, and skimmed 
milk, yeast, and salt. It is described as being light and having a fine taste. It had 
been suggested some years before by one of the investigators that when starch was 
cheaper than flour it could be economically used in bread. This would decrease the 
amount of nitrogen. Therefore skimmed milk was nsed to make good this deficiency. 

The food, urine, and feces were analyzed. The following conclusions were reached : 
The diet, though containing very little protein, was well assimilated. No diminution 
in its nutritive value was noticed when bread was used which contained potato 
starch. Alcohol exercised no bad effect on digestibility, oven when 60 grams per 
day was consumed. 

In connection with the above work respiration experiments, in which the respira- 
tory quotient was determined, were made. They are, however, not published in 
detail. Accuracy within 2 or 3 per cent was claimed in the estimation of carbon 
dioxid. On the basis of these experiments considerable space is devoted to a con- 
sideration of the nse which is actually made of the oxygen consumed from the air. 
It is believed that when a man performs no severe mechanical labor more than half 
of the oxygen consumed in a day is used in the production of internal muscular work, 
l^irther, with a diet of bread and butter the work of digestion itself requires a con- 
sumption of oxygen equal to 10 per cent of that required when no work is performed, 
or, in other words, 5 per cent of the food consumed by a person at moderate labor is 
expended in furnishing energy for the labor of digestion. 

Nos. 285-290 were made by Stammreich in the medical department of the Univer- 
sity of Berlin in 1890-91 ( f ) under the direction of von Noorden. The object was to 
study the influence of alcohol on metabolism. The subject of Nos. 285-287 was the 
investigpator himself, and the subjecu of Nos. 288-290 was a woman. 

In No. 285 the diet consisted of meat, bread, potatoes, beer, etc. The fuel value of 
the diet was 2,241 calories. In No. 286 alcohol was substituted for fat The fuel 
value was practically the* same. In No. 287 the food and fuel value were as in No. 
285. In No. 288 the food consisted of milk, bread, butter, meat, and eggs. The fuel 
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Tftlae was, on an arenge, 2^200 ealoriefl per daj. In No. 269 tbo baiter was omitted 
and ^ grams of alcohol, ita isodynamie equiTaLent, was snbatitotad (fat : aleohol : 
7 : 9.3;. Tht alcohol was in the form of cognac. In Xo. 290 the diet waa a« at first. 

The metabolism of nitrogen was practicsllj the same nadflr the three conditions 
in both series of experiments. 

The conclosion is reached that alcohol is a food and cmn take the place of lat as a 
protector of protein. 

A Tery complete reriew of the previona work in this connection is incloded in the 
acconiit of these experiments. 

Nos. 291-3(J7 were made by Minra in Berlin in 1891 to inrestigate the inflnenee of 
alcohol on metabolism. The investigator himself was the snbject. He was a Japa- 
nese, strong, but rather small in stature. 

In Nos. 291-296 the diet contained a small amoant of protein. It consisted of rice 
and saosage, with some meat extract and salted cncamlier (Sah^Mrke), In Nos. 297- 
307 the diet was moch richer in protein. It consisted of rice, meat, and batter, with 
meat extract and salted cacaml>er. In Nos. 293, 296, 299, 303, and 306 a smaller 
amoant of rice was consumed. In Nos. 293, 299, and 306 alcohol in the form of arack 
or brandy was substituted for the carbohydrates of the nee, and some meat was 
added to make up for the protein. The quantities of alcohol and meat were calcu- 
lated to be equivalent to the amount of rice omitted. In Nos. 296 and 303 an equiva- 
lent amount of meat was consumed in place of the protein of the rice, but nothing 
was substituted for the carbohydrates. 

The feces were separated with charcoal taken in a solution of gam arabic. Anal- 
yses of the food, arine, and feces were made. 

The author draws attention to the fact that the belief is quite general that alcohol 
in small quantities can be substituteil for carbohydrates, though proof on this point 
is not abundant. In these experiments every precaution was taken to insure ncca- 
racy, and the conclusion was reached that alcohol did not take the place of carbohy- 
drates as a protector of protein. It will be seen by reference to the table that just 
as much nitrogen was lost per day by the organism when alcohol was Kubstitiited 
for port of the carbohydrates as was the case when both alcohol and carbohydrates 
were omitted. 

Nos. 30H-313 were made by Korkonnov at the University at St. Petersburg in 1885. 
The object was in study the metabolism and assimilation of nitrogen when kou. 
miss was consumed. Three experiments are described. The snbject of Nos. 310,311 
had been treated with koumiss for 3 years for chronic intestinal catarrh. The other 
subjects were healthy persons. The experiments were divided into two periods. In 
the first period the diet consisted of wheat bread, milk, and tea, and in the second 
koumiss made from mare's milk was consumed in addition in gradually increasing 
amounts. The koumiss used in the experiments was from 8 to 26 days old. The 
nitrogen in food, urine, and feces was determined by the Kjeldahl-Borodin method. 

The following conclusions were reached : When koumiss was consamed, the metab- 
olism of nitrogen was increased, and the assimilation of nitrogen was increased in 
tw9 cases and very slightly decreased in one. 

In connection with this work an experiment may be mentioned which was under- 
taken by Kosturine at the University of St. Petersburg in 1885 to investigate the 
assimilation of koumiss. The snbject was a healthy man, 21 years old. The experi- 
ment huite^l 3 days. On the first day the subject consumed konmiHs alone, and on 
the second and third days koumiss with baked potatoes and English cakes. During 
the whole period 10,500 cubic centimeters of koumiss was consamed. The nitrogen 
in the food and feces was determined by the soda-lime method. The total income of 
nitrogen was 25.5 grams, the total outgo in the feces 1.1 grams. 

The conclusion was reached that 95.6 per cent of the nitrogen of koumiss was 
assimilated. 

In the 3 days 8,186 cubic centimeters of urine of 1.010 specific gravity was excreted. 
The nitrogen of the urine was not determined. 

Nos. 314-338 were made by Alexeyev in St. Petersburg in 1887-88. The object 
was to study the metabolism and the assimilation of nitrogen on a diet containing 
kephir. Kephir is a fermented beverage made from cow's milk. It is prepared with 
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a special ferment called kephir yeast. According to the length of time which the 
milk is fermented the kephir is distinguished as weak (fermented 1 day), media m 
(fermented 2 days), or strong (fermented 3 days). The total protein in kephir and 
milk is about the same, but the constituents of the protein vary considerably, as is 
shown by the following table : 

CompoHtion of protein of milk and kephir. 



MUk... 
Ke])bir . 



Casein. 



Per cent. 
87.30 
81. 08 



Albumen.' i|^^^\*J^^ 



Per cent. 
8.20 
3.02 



Per cent. 
6.73 



Uemial- -n . .^ 
buniose. ^«Pto°«8- 



Per cent. Per cent. 

4.50 

7. 84 , 0. 83 



In addition to protein, kephir contains mineral salts, alcohol, carbonic arid, and 
lactic acid. 

Seven experiments are described. All the subjects were healthy men, studeutH or 
physiciivns. The majority of the experiments were divided into four x>eriods. They 
began and ended with a period on a mixed diet consisting of bread, son]), and meat. 
During the second period kephir in gradually increasing amounts, beginning with 1} 
glasses per day, was added to the diet. In the third period kephir alone or with bread 
was consumed. In a number of cases the experiments consisted of but three jieriods, 
the first and third on a mixed diet, and the second on a diet of brea<l and kephir. 

The feces were separated by means of blackberries. The amount, specific gravity, 
rea<!tion, and nitrogen content of the urine were deterniinecl. It was also exam- 
ined for albumen and sugar. The food and feces were analyzed daily. In every 
case the nitrogen was determined by the Kjeldahl-Borodin method. 

The author drew the following conclusions: The weight of the body increased 
when kephir was added to the mixed diet. When kephir alone was consumed the 
weight of the body decreased, since it did not furnish sufficient protein for the 
needs of the organism. In nearly every case the quantity of urine increased when 
kephir was consumed alone or with other foods and the specific gravity decreasetl, 
being least on an absolute kephir diet. When ke]ihir was consumed with other food 
the amount of nitrogen in the urine increased. This was thought to be due to the 
increased sapply of nitrogenous material in the food and to intensified metabolism. 
On an absolute kephir diet the amount of nitrogen excreted in the urine decreased. 
When kephir was consumed alone or with other foods the amount of feces decreased. 
In the majority of cases more nitrogen was retained in the body when kephir was 
added to the diet. On an absolute kephir diet the income of nitrogen exceeded the 
outgo in one case only (No. 330). In nearly every case the metabolism and assimila- 
tion of nitrogen increased when kephir was consumed. 

In general, the author concludes that the effect of kephir on the organism is 
similar in many respects to that of milk and koumiss. 

The author gives a review of the literature of kephir, including methods of prepa- 
ration, chemical composition, microscopical and bacteriological investigations, 
physiological action, and therapeutical application. 

EXPERIMENTS IN WHICH PEPTONES AND SIMILAR PREPARATIONS 

WERE ADDED TO THE DIET. 

In Table 5 are included 2 tests with men and 8 with women in which 
peptones or similar preparations were added to the diet. Peptones 
difier from ordinary meat extracts in that the latter contain princix)ally 
nitrogen of extractives, while the former contain considerable quanti- 
ties of proteoses, albumoses, and similar compounds. They are there- 
fore foods and not simply stimulants. Peptones are prepared by par- 
tially digesting meat, milk, or other food materials, and find their chief 
application in the feeding of invalids. Experiments in wliicli tliey 
were used for this purpose will be found in Nos. 2222, 2223, Table 24. 
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Isri^ 'jOMrtitMan ''4f/j ^bvt ^evti»^t«ff9 per A»y / «rr^ jpre*. It wa* »*•!] MMmiljU^d, 
tlMt «a«»<^ MuMi»U of a Jtroi^eii l»^»|f exr? rtM wbi?i»,^ p^fyteoe err luesi wa» eoMamcd. 
lb tAM^ Mnth^'t f0pitium tfau p^-fA/^fi^ eaui l*e MibMitiiVd fcrt^ the prcfCeis of meM, cTen 
if Uk« ^loaotity of tli« HtM^ U insofficricnt fvr tJbe ii^ctfU of tbe r/rsranum. 
Tbb aatbor r|fiot«» at loh|^ Ube experincsto of pfrrknu ioTestigalMv. 



EXPEBDIEKTS TO DETERXIXE THE AMOUNT OF PROTEm REQUIRED. 

In Table 6 are iDcladed 49 tests with men to study the amoaut of 
ixrotein actoally required by persons of various occupations and under 
various conditions. 

Food performs two functions in the body. It is used to build tissue 
and to yield energy. While protein, fat, and carbohydrates are all 
sources of energy, protein alone is a tissue former. The amoant of 
protein, in combination with fat and carbohydrates, in the so-called 
dietary standards has usually been determined by studies of the kind 
and amount of food consumed. The amount of protein which is 
required for the needs of the body can not be learned from dietary 
studies alone. In determining this factor experiments in which the 
balance of nitrogen or nitrogen and carbon is determined are of jrreat 
value. The quantity of protein required has been shown to be de^iend- 
ent in great measure upon the amount of fat and carbohydrates in tbe 
dietary. The simplest form in which a diet may be expressed is in 
terms of protein and energy, since theoretically protein, fat, and c^ar- 
bohydrates can replace each other as sources of energy in the ratio of 
1 :4.5 : 1. There is, however, a limit beyond which this is not possible. 
A definite amount of protein is absolutely essential. The minimum 
quantity which serves in the adult organism for the repair of nitrog- 
enous tissue, or other purpose not so well understood, has been vari- 
ously estimated by different observers. It doubtless varies with the 
kind and amount of work performed. The idea has been advanced 
that although it is |K)Ssible to sustain life and perform a considerable 
amount of work on a diet containing a very small amount of protein 
and correspondingly large amounts of carbohydrates and fat, a man is 
actually better nourished when the nutrients are in about the propor- 
tions suggested by the commonly accepted dietary standards. This 
theory rests on the supposition that tbe dietary standards may be 
learned by observing the relative amounts of nutrients actually con- 
sumed by a large number of individuals so situated that the choice of 
food is unrestricted. 

The amount of protein required is closely connected with the influence 
of muscular work on the metabolism of nitrogen (see page 118). As 
is pointed out in the section devoted to the influence of disease on 
metabolism, the normal functions of nutrients may be modified by 
pathological conditions. 
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the large amoant of fat and carbohy<lTate8 in place of protein. In the antbor's 
opinion strong, healthy persons may maintain nitrogen equilibrium on a diet 
containing 30 to 40 grams of protein daily when the assimilation of large quanti- 
ties of fat and carbohydrates is assisted by the consumption of alcohol and calcium 
carbonate. He does not advocate the idea that healthy individuals should abandon 
a diet which contains considerable protein. He believes rather that Voit^s normal 
figure represents the amount which is best suited to the needs of a healthy man. 
In disease, however, the case is different. The object then is not to supply a diet 
calculated to maintain a high protein level, which is only possible when the nitrogen 
excretion is also large, but rather to help the organism to gain new protein. This 
is possible only when the nitrogen excretion is reduced to the minimum. The metab- 
olism of nitrogen is increased by disease. The author attempted to reduce it by a 
proper dietary in experiments with an invalid. Other questions of a similar nature 
were studied. The results, however, were not given in such form as to be available 
for these tables.' 

Nos. 376-378 were made by Pechsel in Berlin in 1890, under the direction of von 
Noorden. The object was to study the amount of protein actually required by 
a healthy man. Voit considered this to be 118 giams per day for a man under nor- 
mal conditions and with a diet which contained an abundance of fat and carbo- 
hydrates. Later investigators, notably Rubner,.F. Hirschfeld, Kumagawa, and 
Klemperer, were of the opinion that a-much smaller amount — 30 to 40 grams per 
day — was sufficient to maintain the nitrogen e<iuilibrium. 

Rnbner's work^ was of especial value. He found that, according to their fuel value, 
the various nutrients could be sabstituted the one for the other. ThuH^ 100 grams 
fat =240 grams starch = 249 grams sugar =r 770 grams fresh muscle ilesh trea from 
fat. There was this limitation, however: Home protein was necessary to repair the 
waste of nitrogenous tissue which is continually going on and to make up for the 
loss of portions of the epidermis, hair, nails, epithelial cells, etc. 
*Pechsel's investigations were undertaken to determine thin necessary amount of 
protein. He himself was the subject. The food consisted of bread, rice, potatoes, 
butter, sugar, tea, etc., but no meat. The food, urine, and feces were analyzed. 

With a diet furnishing 39 to 40 grams of protein daily, nitrogen equilibrium was 
reached on the fifth day; that is, the income was suflicient for the needs of the 
organism. There was an abundance of fat and carbohydrates in the dietary, so that 
the organism was supplied with about 3,640 calories of energy. 

The sup]>ly of protein was now re<luced to 32 grams, and though sufficient fat and 
carbohydrates were consumed to furnish about 3,600 calories, yet the organism con- 
tinued to lose nitrogen. The conclusion is reached, therefore, that 32 grams of pro- 
tein is less than the smallest quantity with which a person of PechseFs weight, 77 
kilograms, could hold his own. 

These experiments are too few to draw general conclusions ft'om, bnt it is evident 
that Voit's value, 118 grams, is far above the amount of protein absolutely required, 
provided the dietary contains an abundance of carbohydrates and fat. 

Nos. 379, 380 were made by Eg kmann in the Physiological Institute at Weltevreden 
(Batavia) in 1892 ( f ). The experiments formed part of an extended investigation of 
the quantity of protein required by persons living in the tropics and the inlluence of 
tropical climate on metabolism and on the production of heat. The subjects were 
healthy young men — Malays. The food is not described with much detail. It con- 
sisted of meat and eggs, or meat and fish, with vegetable food, probably rice. The 
nitrogen in many of the food articles was determined. In other cases it was calculated 
from Konig's tables. The nitrogen in the urine and feces was determined. In No. 379 
analysis showed that about 40 per cent of the consumed nitrogen came f^ommeat 



'In a later publication (Ztschr. klin. Med., 16, 1889, p. 550) these experiments are 
reported in detail. With one exception (No. 558, Table 8) they were omitted from 
the compilation by an oversight. 

sZtschr. Biol., 19, 1883, p. 313. 
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«nd eggs. In No. 380, 40 per cent of the nitrogen consnmed came from meat and fish. 
In addition to these, a large namber of experiments were made in which only the 
nrlne or the food and urine were taken into account. In the latter case the dietary 
is expressed in terms of protein, fat, and carbohydrates. 

In the investigator's opinion, the Europeans who live in the tropics do not consume 
less food than those liviug in temperate climates and performing the same amount of 
work, nor is the metabolism of the nutrients diminished. The fact that in the trop- 
ics less animal food is consumed than in Europe is attributed to the fact that the 
meats are usually prepared in such a way that they are not very appetizing. 

The ration served to European soldiers in three garrisons in Batavia is given as 
follows. It is probable that the food is generally all consumed. 





Ration of European soldiers in Batavia. 






• 


Protein. 


Fat. 


Carbohy- 
drates. 


No. 1 


Grams. 
137.5 
128.4 
142.8 


Grams. 

103.0 

65.1 

79.0 


Grams. 
504 4 


No. 2 


493.3 


No. 3 


491 6 




• 




A vAracTA 


136.2 


79.0 


490 3 







Utiug Rubner's values, the author calculated that the diet furnished about 3,000 
calories. The average dietary of 8 young Malays was found to contain 75 grams pro- 
tein, 40 grams fat, and 400 grams carbohydrates, equal to 2,300 calories. The average 
weight of the individuals was 50 kilograms. They were from the better classes. The 
house servants, or such persons, weighing perhaps 55 kilograms, consumed about 600 
grams of rice per day and a very little animal food. 

A number of experiments were made concerning the relative amount of nitrogen 
excreted by newcomers, by Europeans who have lived a long time in the tropics, 
and by the native Malays. The European subjects were young physicians or apothe- 
caries. The Malays were medical students. The European dietary consisted of rice 
cooked with condiments and vegetables, bread, cheese, fruit, and highly-seasoned 
dishes made from meat or eggH. This is a modification of the native diet. The 
Malay diet is more simple, consisting per day of 800 to 1,200 grams of boiled rice, 
150 to 200 grams of ducks' eggs, 60 grams of meat or fish, 150 to 250 grams of pastry 
rather free from fat, and fresh fruit. Europeans who had been in the country from 2 to 
6 months excreted 14.8 grams nitrogen per day, or 0.226 grams per kilogram (average 
of 6 experiments). Those who had lived in the tropics 1^ to 15 years excreted 12.802 
grams nitrogen per day, or 0.193 grams per kilogram (average of 12 experiments). 
The Malays excreted 7.817 grams per day, or 0.153 per kilogram (average of 8 experi- 
ments). The smaller nitrogen excretion in the latter case is probably partly due to 
the fact that less animal food is consumed and that the Malays are generally of 
smaller stature than the.Europeans. 

Several experiments were made to determine the amount of nitrogen excreted in 
the perspiration. The subjects were thoroughly washed and rinsed in distilled water. 
They were then clothed in cotton or woolen garments, which were frequently changed. 
The bands and face were also frequently wiped with a towel. At the end of the 
experiment the body was washed with alcohol and distilled water, to remove all 
adhering perspiration. The perspiration absorbed in the garments and towels was 
extracted with acidulated water and then with pure water. The nitrogen was 
determined in the water after it had been partially evaporated. The first experiment 
lasted 3 hours, and 0.222 gram of nitrogen was excreted. The second experiment 
lasted 24 hours; the nitrogen in the perspiration was 0.761 gram, in the urine 12.159 
grama. The third experiment lasted 24 hours ; in the perspiration the nitrogen excre- 
tion was 1.362 grams, in the urine 14.250 grams. The subjects engaged in some light 
occupation. 
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The article contains a somewhat extended historical account of the work on 
raetabolism. 

Nofl. 381 -395 were made by Eijkmann in Batavia in 1892. They were a continuation 
of No8. 379 and 380, and had the same objects in view. The subjects were 7 Europeans 
and 5 Mulays. The average age of the Europeans was 32 years and they had be(>n 
in the East Irom 4^ to 15 years, or an average of 7 years. The average weight was 
65.4 kilograms. The average weight of the Malays was 49.6 kilograms. The Euro 
pean subjects were physiciaDS or were occupied in some way in one of the hospitnls. 
The work which they performed was very moderate. The Malays were hospital or 
laboratory servants, with the exception of one/who was a student of medicine. 

The food of the Europeans was a European diet, but modified by the customs of 
the country in which they lived, and consisted of bread, cheese, meat or eggs in 
some form, vegetables and fruit, and an abundance of rice. Alcohol in some form 
was also used, and considerable tea, coffee, and ice water were consumed. Most of 
the Europeans adopt the native custom of eating large quantities of rice, llio 
Malays consumed a somewhat similar diet, consisting largely of fruit, vegetables, 
and rice cooked with red pepper. The diet of the Europeans contained on an average 
99.6 grams of protein, 83.8 grams of fat, 264.2 grams of carbohydrates, 20.5 grams of 
ash, 28.5 grams of alcohol, and furnished 2,470 calories. The diet of the Malays con- 
tained 73.3 grams of protein, 30.2 of fat, 471.9 of carbohydrates, 16.3 of ash, and fur- 
nished 2,512 calories. The native diet contains considerably less protein than the 
European and the protein wan more largely of vegetable origin . The food of the Malays 
was purchased at native cook shops and cost per day about 0.2 florin, or 8 cents. 
Portions of the food of the Europeans and Malays were taken for analysis, and the 
dry matter, nitrogen, fat, and ash in the food and feces and the nitrogen of the urine 
were determined. 

In these investigations no regular change oould be noticed in the production of 
heat or in the metabolism of Europeans performing light labor after long residence in 
the tropics. The article contains considerable discussion of the subject from an 
historical standpoint. 

Nos. 396, 397 were made by Lapicque and Marette at the Hotel Dien, in Paris, in 
1893 (f). The object was to study the amount of nitrogen in the food which was 
really necessary to maintain nitrogen equilibrium. The subjects were two young 
men. The diet consisted principally of rice and milk. In addition a little bread, 
butter, sugar, and fVuit were consumed. In No. 396 tea was drunk, and in No. 397 half 
a liter of wine with water was used per day. The nitrogen and the fat in the but- 
ter, the water in the bread, and the alcohol in the wine were determined. The com- 
position of the other foods was calculated from Konig's tables. The author states 
that protein was obtained by multiplying nitrogen by 6.5. However, it would appear 
that this factor was not used in the calculation, but rather 6.4. No reason is given 
for using 6.5 instead of the ordinarily- accepted factor 6.25. The nitrogen in the 
urine and feces was determined by the KJeldahl-Henninger method. 

The following conclusions were reached: The organism can be maintained in 
nitrogen equilibrium, or very nearly so, with the small quantity consumed in this 
experiment. It is believed that the energy of alcohol is utilized in the same way as 
that of other nutrients. The details as published are not very full. 

MISCELLANEOUS EXPERIMENTS ON THE INFLUENCE OF DIET. 

In Table 7 are included 125 tests with men, 4 with women, and 12 with 
children, which could not be incladed in the preceding tables. In some 
few experiments special questions were studied ; for instance, the effect 
of consuming food in small amounts at frequent intervals. In the 
m^ority of cases the balance of nitrogen was determined in connection 
with dietary studies. 
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No8. 398-406. See Nos. 2250-2255, Table 26. 

No8. 407-409 were made by Siewert in 1867 ( f ). The object wa« to test the correct- 
ness of Yoit's theory that all nitrogen is excreted in the nrine and feces. Three 
experiments are described. The author himself was the subject. His food consisted 
of bread, meat, potatoes, etc. In the first experiment beef was used and in the 
other two horse meat. The reason for this change was that horse meat had been 
thought by some to be less digestible than beef. In the author's opinion this was 
not the case. The meat consumed was both roasted and boiled. In all the experi- 
ments the nitrogen in the food, urine, and feces was determined by the soda-lime 
method. In the first experiment the calcium oxid, phosphoric acid, and chlorin 
in the urine were determined. In the second and third tests calcium oxid, phos- 
phoric acid, chlorin, sodium oxid, and potassium oxid in the food, urine, and feces 
were determined, and also the total ash in the food. 

The di£ference between the amount of nitrogen consumed and the amount excreted 
in the nrine and feces was quite small in the first and second experiments and some- 
what larger in the third. In the author's opinion this difierence in the first 
two experiments may be accounted for by experimental errors ; and in the third 
experiment there was a considerable gain in body weight, which would partially 
account for the discrepancy. He believes that Yoit's theory that all nitrogen is 
excreted in urine and feces is correct. 

No. 410 was made by Forster, in Munich, in 1874, in connection with a study of 
the dietaries of the poor and laboring classes. The subject was an old man, janitor 
of the Physiological Institute. The food was a mixed diet, selected by the subject 
in accordance with his usual manner of living. The food and urine were analyzed. 
The nitrogen in the feces was calculated from the results of other observers. 

NoH. 411, 412 were made by Schuster in 1877 (f), in Munich, and form part of an 
extended investigation of the dietary in two prisons. The subject of No. 411 was a 
prisoner in a house of correction who was compelled to work. The subject of No. 
412 was a prisoner in a house of detention and did no work. The food was a mixed 
diet consisting of soup, bread, vegetables, and a little meat. Somewhat more meat 
was consumed at the house of detention than at the house of correction. In both 
prisons the food was divided into portions before each meal and a portion served to 
each prisoner. Each day of the experiment Schuster selected one of these portions, 
which was taken to the laboratory in closed jars, weighed, and analyzed. In each 
experiment one prisoner was selected as a fair representative and his urine and feces 
were collected and analyzed. As the diet was almost unvarying ftom Aveek to 
week, it is presumable that the author's figures give a fair average. The large 
amount of nitrogen in the feces in No. 411 is very noticeable. It was, of course, due 
to the fact that the food was largely vegetable. With such a diet there is always a 
large amount of feces produced, and as the nitrogen in vegetable food is not in a 
very available form the loss through the feces may be quite considerable. 

Nos. 413-417 were made by Rubner, in Munich, in 1877-1879, and form a series with 
Nos. 127-148, Table 3. The object of the experiment was to observe the quantity of 
fat which could be digested. The subject of Nos. 413-416 was a laboratory servant* 
The fat was given in a practically constant mixed diet consisting of bread and meat. 
Whether analyses of the food were made or whether its composition was calculated 
from known figures is not stated. The feces were analyzed. The separation was 
made by means of a milk diet. The amount of fat consumed and excreted in the 
feces in each test is shown in the following table : 

Comparative digestion of fat when taken in different quantities. 



JTo. 



m 

41? 



Kind of fat eaton. 



Chrams. 
100 
200 
240 
145. 8 
^Butter.....: i 233 



Bacon (95.6 per cent fat) . 

clo 

Batter 



Fat in 
food. 



I Ether 
extract in 
I feces. 



.,P. (Bacon (95.6 per cent fat) 



■ n ■ ** 



"»^ 



•WW«<W»"V^P«PW^>«^^B 



Grams. 

17.2 

15.2 

5.8 

44.6 



Ether 

extract in 

feces. 

Percent 
17.4 
7.8 
2.7 

12 7 
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It will be seen that wben ft Iftrge qoftotitj of iftt was cooMniMd the excreted qofto- 
tity wftH large. It is also notieemble that batter was more digestible than bacon. 
Knbner remarks that this is rery likelj doe, io p«rt, to the fact that batter is more 
thorooghly acted opon bj the digestire Joices, atnce it is io a finely dirided condi- 
tion. The feces contained small pieces of bacon which had eridently not been dis- 
integrated, and were anchanged. The lat in the b^con is also incloeed in fat cells 
and hence less easily attacked. 

The object of Ko. 417 was to inreatigBte the digestibility of a diet containing 
practically no nitrogen. The food eooiisttid of starch, Cst, sagar. and a little salt. 
These ingredients were made into a sort of eake. The arine and feces were analyzed. 

Nos. 4UM20 were made by Rieder in the laboratory of the Physiological Institate 
at Munich in ISM ( f ). The object was to iarestigate what part of the nitrogen of 
the feces is dae to aMtabotic prodaeta. 

The feces coasist of n^igealed reaidafs of food, macos from the walls of the 
intestines, coloring matter, satta of fatty acids, bila» aad Taiioos other prodncts of a 
similar nataie. It is endeatly a fSslse ■asamtitiiin that all the nitrogen of tbe feces 
comes from aaasetabolixad matter. That which t amtm from bile, etc.. has been me- 
tabolized and formed a part of the n i tie g e a of the ijBtim. In a way^ it might be 
coatidered as a itrug ea which was aecideatally leal. This aitrogen is a eonstant fac- 
tor ia the lecea^ If no food is EuaaamidthehOe is still secreted and, in party excreted 
ia the feces tagfthur with coloriag matter, sic. A dciermiaatioQ of this nitrogen 
woold apparestlj show the aaMwat daa to metabolic prodacts. Experiments Nos. 
5o8-^6i,Tabis t^ are of this character. It doas ae« feQow, howerer. that the secre- 
tioa of bile, etc is aatmal whea no food is caasaamd. Toit amde soaw experiments 
a dog haTiag a iataJa aad loaad that three times as mnch (dry) bile was 



Abaost ao work aloag thcaa liaas had hesA carried oa with maa. Rieders experi- 
its were thsfcisra aadsrtskin The sabjeet was a healthy maa of medium 
weight. The diet ussitslaBd practically ao aitrogea, yet it was salBcicDt in quantity 
to insore a aonaal sf creti oa of digestrre jaicea. It was assaaMd that under these 
conditioas the nitiagea ia the focas woald be all doe to metabolic products. The 
foofl need was a rery palatable cake made of starch, sagar, fat. salt, aad a learening 
powder (cream of tartar and bicarbonate of 6oda>. A little white wine aad water 
were need as beverages. The wine contained a little nitrogen, but ao little that it 
was left out of account. The arerage amount of nitrogen in the fecea was not far 
fi-om one-half gram per day. The conclusion is reached that this fairly r epr es e nts 
the amount of nitrogen due to metabolic prodncts. 

Nos. 421-444 were made by Baflalorski in St. Petersburg in 1887. The object waa 
to inrestig^te the infiueDoe of rarioas kinds of food on the qnalitatiTe and qnaati- 
tative metabolism' of nitrogen in man. The nitrogen in the food, nrine, and fecea 
was determined by the Kjeldahl -Borodin method ; the orie acid by Ludwig's method, 
and the urea by the Borodin method, first removing the extractiTes by precipita- 
tion with phospho-molybdic acid. 

Seven experiments are described, four of which (Nos. 421-432) consisted of three 
periods, the first with an animal diet, the second with a mixed diet, aad the third 



> Ztschr. Biol., 20, p. 380. 

< The Russians nse the terms which have been translated amimilation and metab- 
olism in the following definite sense : Assimilated nitrogen means digested nitrogen. 
Metabolism of nitrogen means the ratio of nitrogen of urine to assimilated nitro- 
gen. The qualitative metabolism of nitrogen means the ratio of partially oxidized 
nitrogen in urine to nitrogen of urea. The normal value of this ratio for man is 
asflumed to be 1 : 14. Metabolism is qnalit-atively increased if this ratio is less than 
normal and decreased if it is greater than normal. 
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with a varied vegetable diet. Three experiments (Nos. 433-444) were divided into 
four periods, the first with a mixed diet, the second and third with an unvaried veg- 
etable diet (thin and thick millet gruel), and the fourth with a mixed diet. Four of 
the experiments were made by the author and 3 by a physician, Kurcheninov, with 
the author's assistance. The subjects were the author, another physician, 3 medical 
students, and 2 hospital servants. All were in normal health. The students attended 
lectures during all the time of the experiment. The author worked in the laboratory 
frequently until 4 or 5 o'clock in the morning. The other physician performed very 
little muscular work, but did considerable mental work. During the last 2 days 
on vegetable diet he worked in the laboratory. 

The author sums up his results as follows : The total nitrogen of urine, nitrogen 
of urea, nitrogen of extractives, and uric acid was greatest on the animal diet .and 
least on the vegetable diet. When a varied vegetable diet was consumed, half as 
much nitrogen was excreted in the urine as when animal food was consumed, and 
one-fourth as much as when on a mixed diet. When millet gruel only was consumed, 
about one-third as much nitrogen was excreted in the urine as when a mixed diet 
was consumed. On an animal diet the ratio of nitrogen of urea to nitrogen of 
extractives was less than on a varied vegetable diet and greater than on a mixed 
diet. On a mixed diet the ratio of urea to nitrogen of extractives and the ratio of 
uric acid to urea (comparing both the weight and nitrogen content) was less than 
on a diet of animal or vegetable food. Considerable less nitrogen of urea and of 
extractives was excreted on a varied vegetable diet and on a millet meal diet than 
on a mixed or animal diet. The total solids in the urine were nearly the same on a 
mixed diet and on an animal diet and greatest when vegetable food was consumed. 
The metabolism and assimilation of nitrogen were most complete on an animal diet 
and least complete on a vegetable diet. On a varied vegetable diet the organism 
maintained nitrogen equilibrium unless too much work was performed. With an 
unvaried vegetable diet metabolism increased about 300 per cent over normal, and a 
protein famine resulted. More liquid was consumed on a diet of animal food than 
on a mixed or vegetable diet. The greatest quantity of urine was excreted on a vege- 
table diet and the least on a mixed diet. When animal and unvaried vegetable food 
was consumed, the weight of the body decreased and increased on a mixed and a varied 
vegetable diet. The subjects felt well on a mixed and a varied vegetable diet. This 
was not the case on a diet of animal food or on an unvaried vegetable diet. 

Nos. 445, 446 were made by Levin in St. Petersburg in 1888 in connection with a 
study of corpulence. Two experiments are described, each of 12 days' duration. 
The food consisted of an abundant mixed diet of bread, meat, cheese, etc. The 
subject of the first experiment began to grow fat after he was 30 years old. He 
led a sedentary life, ^nd food rich in carbohydrates was apparently the cause of 
corpulence. The subject of the second experiment inherited his tendency to cor- 
pulence. The nitrogen of the food, urine, and feces was determined by the Kjeldahl- 
Borodin method. 

The author sums up his results as follows : In the first experiment there was a 
striking relative as well as absolute decrease of the metabolism of nitrogen, and 
in the second experiment there was a marked absolute decrease. This difference in 
metabolism is thought to be due to the difference in age and degree of obesity. 

Since obesity represents not only an anomaly of nourishment, but also an anomaly 
of metabolism (at least of nitrogen), its treatment by exercise alone would be 
unwarranted. Metabolism may be influenced by diet, hot baths, cold baths, douches 
with friction, massage, alkaline mineral waters, etc. 

These experiments might have been included in Table 18, since excessive corpu- 
lence is regarded as a constitutional disease. 

Nos. 447, 448. See Nos. 4-7, Table 1. 

Nos. 449-451 were made by Mori in the Physiological Institute of the University 
pf Tokyo in 1888 in connection with a study of the dietary of the Japanese. 
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X DIOEBT OF METABOLISM EX1•EHIME^TS. 

Acrordmif t« ths uulhor. 3 goiieml clBsaes of dietarieit aru coiniiioD ]ininij^ tbe J&p- 
•orao, \ii, (I) lUiit of tlie rural popnlatiin of tlie iateriiir, iin «Imi«t exclusivily 
TsgaMblu diet, lu flah 1» eaten but once or twi^'^^ n month and meat but once or 
twice K yi»t ; (2) tbat of the popnlutlan of the tuuat, who eat fiali in roosideraLle 
(jnautltlen; and (3) that of tbe olty popiilutiun and of well-to-do familiee, who eat 
bolli meat and flab to a I'linaidenible extent. 

Itlt^o I* tbe principal article of vegetiibln food, but in mldltioo t4> thiK barley, 
wh<<at, varlooi klndi of millet, and buckwheat are enten in conHidorable iiuuntitieit. 
Tubers and root*, locb as tumi]>B and radishea, arc staple articles uf fooil, uud 
puiii]ikins, rnunnibors, etc, are muob used. Tbe leKumes are little eaten in their 
natural state, but form tbe Imsis of a namber of prepared foudn and relishes, sticti 
W niiso, lofu, and shoyu, all of whii'lt are made from tbe soy bean. Miso is pre- 
|iBr«l from rooksil beans, whii'h are rubbed to ft thick paste and fermunted with the 
ferment uimd In tbe preparation of the rice wine. Tofii, or bean i:beese, is esaen- 
tlnlly the laguuilii of the soy hean. which is drat extracted with water and then 
preuipltutod by the addition of the mother li<[uor (maKoesium (blurid). obtained 
ftom the evaporation of sea water in the muunfacture of suit. The cheese is eaten 
fresh. The aboyu aunce is prepared from a mixture of cooked and pulverized soy 
baana, roosted and pulverieod wheat, wheat flotir, suit, and water. The mixture is 
(irmonted with the abriTo-nieiilioiieil nee ferment for 1| to 5 years in casks. This 
Muec Is used ver<r largely by all classes. 

Tba author was himself the subject of tbust^ experiments, which covcm- Ibi' three 
kliiils of diet u«ual In Japau. 

ThB food, iirino, and fei'ss were analysed. 

Not. ir>3-4Gfi were made by Lusk in the laboratory of tb<; I'hysJtilo^icul Imttitute 
In Munich in 1890. The object was to investigate the iuduenae uf carbohydrates on 
the netaboliam of protein. It waa of intereat to study this question booanae Voit 
was of the opinion that Inoasea of dialiotea tlie large amonut uf protein metabolized 
waa due to the fact that augar was no Iiinger a nutrient. It was also poasiblc that 
tbe large amount of protein and fat metabolized was due to some deep-seated change 
Id the tissues and cells of tbe organism. 1'he investigator, who was In good health, 
waa hiuiaelf the subject. 

Tbe (bod {with Ibe exoeption of the meat), urine, and feces wore analyxed. The 
nitrogen content of the in<'at waa enlculated from ^'»it'e value. 3.4 per cent. The 
kroatl (Zwlebark) wan uiade from wbf>at Hour and yeast. Tbe gluten bti^iid was 
nade firom wheal gluten and yeast and eontajneil nu atarch. 

In No. 4K1, with an abundance of protein, fat, and carbohydrates, the organiam 
galufst a little nitrogen. In No. 453 there was the same nmount of nitrogen in the 
diet, but no carbohydrates. The organism lost considerable nitrogen. In No. i53 
the carbohydratra therefore served as a proii>ctor of protein. In Koe. 464 and 455 
the amount of protein coueumod was amall, being about the amount consnmeil from 
Ibe tianue* ol' the «rgani^uu when fasting. In No. 455, also, wherp no carbobydnitea 
were coiuurue«1, niui'h more nitrogen than the normal amount waa eiciet«d- 

The article ooDlainsmnoh theore Ileal discussion of metabid ism in diabetca. and the 
eonelualun is reached that the vaiiations from normal metabolism in aach roses are 
natly due to the fallnre of the organism to assimilate carbohydrates. 

Noe. tIUI-468 ware maile by Ilnllgren and I-andergrr^n al Stockholm in IKNI. The 
ubjeot waa to Investigate Ibe digretlbilily of a mixed diet. Three ex|>eriroenls are 
ilcM'ribed. Tbe subject of the tirst two waa a sailor 33 years old, and the snhjeel of 
tlie last a workingman 19 ytart old. 

In Nu. 4M the diet was that naually fumisheil lo sailors on land, and in No. l.'iT llie 
uina) diet for aailon on board ahip was consumed. In No. 458 the f'Wd was simitar 
to that in No. i.^, though simpler. The bn>ad eaten in the first sod third eiperi- 
uade tnaa coarse rye Hoar and iu the aecood frata bolted rye Aoar. The 
btMi In tk* V««d was analyied and fonnd to contain 3.67 per cent nitrogm. 74.8 t«r 
SMt Bimftlk-flM ulracS Mil ^-3 poc cent asb. Tbe nitrD^ea in Uie fooC, nriue, ai>4 
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feces was determined. The subject of No. 458 vomited on the second d&y, and the 
matter thus excreted is taken into account in the figures given in the table. 

The authors state that the method of preparation of the food has a greater effect 
upon the assimilation of vegetable protein than upon animal protein. The bran 
in coarse bread is not readily assimilated by man. In No. 457, where fine rye bread 
was consumed, the assimilation of protein and carbohydrates was most complete. 

In the first exi>eriment 13.2 per cent, in the second 8.6 per cent, and in the third 
13.4 per cent of the potential energy of the food was lost in the feces. The differ- 
ence in these figures is thought by the authors to be due to the difference in bran 
content of the bread. Rubner has found that on a mixed diet containing rye bread 
the total energy of the food lost in the feces amounted to 15 per cent. 

The authors consider further investigations necessary before drawing general con- 
clusions. 

Nos. 45&-461 were made by Buys in 1892. The object was to study the metabolism 
of a man who habitually consumed very small quantities of nitrogen. The subject 
was a factory operative, 60 years old. He worked in a factory 10 or 12 hours daily 
and took considerable exercise in addition. Since his twentieth year he had been 
accustomed to eat only small quantities of bread, butter, and vegetables. During 
the exi>erimeut his diet consisted of bread and other vegetable food, with a little 
meat or eggs. Konig and von Noorden's figures were used in computing the analyses 
of all the food consumed except the beer, which was analyzed. The nitrogen in the 
urine was determined. The nitrogen in the feces was taken by the compilers from 
Pechaers experiments, Nos. 376-378, Table 6, in which the food was somewhat simi- 
lar. The amount of consumed nitrogen was about the same, though in Pechsers 
experiment no meat was eaten. A little meat extract, however, was taken. 

The diet contained only 7 or 8 grams of nitrogen, yet the subject was apparently 
in good physical condition. The nitrogen -free constituents were not abundant 
enough to make up the deficiency in nitrogen, since the fuel value of the diet was 
only 1,600 calories. 

Nos. 462-473 form a series with Nos. 49-53, Table 2. They were made by Camerer 
at Riedlingen and Urach, in Wiirtemberg, in connection with dietary studies extend- 
ing from 1878 to 1892. They are liy far the most extended and important investi 
gations of the dietaries of children which have been made. 

In Nos. 49-53, Table 2, the food was milk, with a little water or coffee. In Nos. 
462-473 it consisted of a mixed diet. 

Camerer made all told seven series of dietaries of his own children, 4 girls and 1 
boy, from 1878 to 1892. In 1878 the ages of the girls were 2, ^, 9, and 11 years, and 
that of the boy 5i years. 

The general plan of these investigations consisted in observing the food of each 
child for six periods (in a few cases a less number) of 4 days each during each year. 
The six dietaries thus obtained were averaged together for the dietary of the child 
for the year. 

Except in one of the seven annual series weighings were made of the food actually 
eaten and its comx>08ition in part determined by analysis and in part estimated from 
Konig's compilatioDS. In addition to these data the weights of the children were 
observed from day to day, the urine was collected and the urea determined, and the 
fecee collected, weighed, and analyzed. 

During the period between 1878 and 1892, 31 of these average annual dietaries 
were made, representing approximately 37 observations for each child, or 186 for the 
five children. It should be added that the children were healthy and their growth 
was normal, although the girls who had attained the ages of 15 to 20 before the end 
of the stndy i^ere somewhat smaller than the average. 

These dietaries have been quoted at length in a previous publication of this Office.' 

Nos. 474-480 were made by 01 in the laboratory of the Japanese Imperial Military 
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Medical luaiiiute in Tokyo in 1892. The object was to determine the relative valne 
wt t'w'^ alone and a mixture of rice and barley. The subjects were men, presumably 
•oldieni. The diet consisted of rice or rice and barley, with some meat, fish, vege- 
tmblea, or tofu (bean cheese). For many hundred years rice, with some fishor other 
nitrogenous food, has been the principal article of diet in Japan. An attempt has been 
made by many to substitute barley, which is richer in protein, for a part of the rice. 
This question has for some time excited the interest of all thinking people in Japan, 
and each party has made many investigations, and much for and against the new 
idea has been said and written. 

The original report of Oi's investigation was not available, and few details can be 
given. The author's conclusion is that the nitrogen is much better assimilated in 
the rice diet than in the rice and barley diet. 

Nos. 481, 482 were made by Oi in 1892 at the same place as the preceding experiments. 
The object of the investigation was to compare the value of the European and Japa- 
nese diets. The subjects in each experiment were 10 nurses. In No. 481 the European 
diet, consisting chiefly of meat and bread, was followed, and in No. 482 the Japanese 
diet of rice and fish. 

The original publication was not available, and few details are given in the Journal 
cited. 

Nos. 483-492 were made by Gnriev in St. Petersburg in 1892. The object was to 
investigate the normal amount of protein required by old men and to study the metab- 
olism of nitrogen. The subjects were from 65 to 88 years of age. The two oldest 
were rather decrepit. The other three were hale and hearty. Each experiment 
was divided into two periods. In the first period the metabolism and assimilation 
of nitrogen was especially studied. The food consisted of a mixed diet and furnished 
daily 90 grams protein, 42 grams fat, 372 grams carbohydrates, and 2,286 calories of 
energy. In the second period the amonnt of protein was diminished, while the fat 
and carbohydrates were correspondingly increased. The diet during this {leriod fur- 
nished 55 grams protein, 87 grams fat, 385 grams carbohydrates, and 2,615 calories. 

The subjects were weighed morning and evening. The nitrogen in the food, urine, 
and feces was determined by the Kjeldahl method, with later modifications. The 
results of these experiments were compared with those of Jawein with healthy young 
men (see Nos. 820-^50, Table 9). 

The following conclusions were reached: The average assimilation of nitrogen in 
the first period was 91.15 per cent, and in the second period 86.17 per cent. Accord- 
ing to Jawein, the assimilation of nitrogen in healthy young men on a similar diet is 
94 per cent. In the first period the metabolism was les8 than normal ; in the second 
period it was somewhat greater than in the first perio<l. In the first period the ratio 
of partially oxidized products in the urine to urea was greater than normal, i. e., the 
metabolism of the subjects was quantitatively inferior to that of young men. This 
ratio decreased somewhat during the second period. When the diet contained a 
smaller amount of protein, but an abundance of fat, the subjects maintained their 
nsiial weight and health. 

The general conclusion was reached that the amount of protein ordinarily con- 
sumed by aged men may be diminished if an abundance of carbohydrates and fat is 
supplied in its place. 

Nos. 493-498 were made by Kayser at the medical department of the University of 
Berlin in 1892. The object was to investigate the relation of fat and carbohydrates 
to the metabolism of protein. The subject was the investigator himself. He was 
23 years old, tall and thin. The experiment lasted 10 days and was divided into 
three periods. 

The food consisted of meat, cakes, rice, sugar, butter, oil, and green salad (let- 
tuce f). The beverages consumed were tea and water. In the first and third periods 
the diet contained protein, fat, and carbohydrates; in the second period, protein 
and fat. 
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The nitrogen in the meat, rice, and cakes and in the nrino and feces was deter- 
mined, and also the fat in the meat, butter, and cakes and in the feces; the carbo- 
liydnites in the rice and cake, and the sodium chlorid and phosphoric acid in the 
nrine. The meat consumed was very lean. Other details of food composition were 
calculated. The green salad was left out of account. The separation of the feces 
was made with charcoal. In the second period, though the total energy of the diet 
was comparatively large, there was a considerable loss of nitrogen. 

The following conclusions were reached: Fat is as well fitted to protect protein 
as is an isodynamical quantity of carbohydrates. A very large consumption of pro- 
tein and fat alone would be necessary in order to maintain nitrogen equilibrium. It 
is doubtful if the organism could gain nitrogen on such a diet. The period in the 
above experiments was short. It is possible that in long periods the organism could 
adjust itself to a diet containing only fat and protein. 

The above considerations refer to healthy individuals. In cases of diabetes the 
oonclnsions are somewhat different. 

Nos. 49^-507 were made by Manfredi in the laboratory of the Hygienic Institute 
in Naples in 1882, and have been described at length in a previous publication.' 
The object of the investigation, of which these experiments form a part, was a study 
of the dietary and conditions of living of the very poor people. The subjects were 
street vendenr, day laborers, and beggars. The food consisted of macaroni in vari- 
ous forms, soup, vegetables, etc., and a little meat. The food, urine, and feces were 
analyzed. 

Nos. 30S^12 were made by Dapper in the department of medicine of the University 
of Berlin in 1892-93. The object was to investigate metabolism during a course of 
treatment for corpulency. Several treatments have been proposed. The methods 
vary, but the plan is usually to cause a large loss of fat, but at the same time a very 
small loss of protein. The investigator himself was the subject. He was 1.68 
meters tall, and weighed, when the first experiment began, about 100 kilograms. His 
muscles were well developed, and he was also quite fat. He had endeavored to 
keep from gaining fat for some time by consuming a rather limited diet contain- 
ing little fat and an abundance of meat and other auinial foo<l, by consuming very 
little alcoholic beverages, and by taking considerable exercise. 

The diet followed in the experiment consisted of meat, eggs, caviar, cakes, bread, 
etc. The food was usually analyzed, and the nitrogen in the urine and feces and the 
fat in the feces determined. The analyses were made under the direction of von 
Noorden. 

During the whole time the subject performed his regular laboratory work and 
took considerable exercise. In every case the total energy of the food was small — 
abont 1,500 to 1,600 calories. The protein, however, was abundant, the supposition 
being that the organism would consume enough of its own fat to make up the 
reqntred energy. 

In the first 8 days of the first test- (No. 509) the daily loss in weight was 0.411 
kilogram, in the last 12 days (No. 510) the daily loss was 0.225 kilogram, in No. 511 it 
was 0.342 kilogram, and in No. 512, 0. 317 kilogram. In Nos. 509 aud 512 there was 
a small loss of nitrogen, showing that a little fiesh was also lost. In other cases 
there was a gain of flesh. The loss of weight was caused not by a loss of fat alone, 
but of fat and water. 

The author concludes that it is possible to obtain the desired end in experiments 
of this nature, i. e., cause a large loss of fat, and at the same time protect the pro- 
tein of the organism. 

It is essential that the nitrogen excretion be frequently investigated in order to be 
sure that the organism is not losing protein. 

In the above investigation the respiratory quotient of the subject was determined 
by Znntz. 
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The article contains much matter relating to cares for corpulency, which is intex 
esting from a medical standpoint. 

Nos. 513, 514 were made by Krug in the medical department of the University of 
Berlin in 1892. The object was to determine whether it wus possible to so regulate 
the diet that there should be a gain in muscular tissue under ordinary conditions. 
Such a gain is of course the rule under the following conditions: Growth, concep- 
tion, and lactation, and always when an organinm which has had no food or an 
insufficient diet or has been weakened by sickness or exhausted by excessive work is 
again supplied with an abundant diet. 

If the supply of fat is greater than is required, fat is storetl up as a reserve mate- 
rial. In the same way an excess of carbohydrates is converted into fat and stored 
up. It is not so clear, however, what becomes of an excess of protein. The theory 
is advanced that when much protein is supplied the excess over the amount necessary 
may be utilize<l in two ways, (1) as ''reserve protein, '^ i. e., protein which is stored 
up in the cells of the tissues in the same way as fat, or (2) as ''acquired'' protein, 
i. e., protein which has been transformed into an essential part of the tissues and 
forms new cells. Experiments with animals have shown that it is possible to store 
up or gain iirotein when the supply is large and other nutrients are very abundant. 
It was desirable to investigate the same problem with a healthy man. 

The author was himself the subject of his experiments. The food consisted of 
cocoa, meat, sausage, eggs, bread, fruit, etc. The food, urine, and feces were 
analyzed. 

No. 513 was a preliminary experiment. With the diet supplied the organism was 
practically in nitrogen equilibrium. 

In No. 514 the protein remained about the same, but the amount of fat and carbo- 
hydrates was very much increased. There was a daily gain of 3.4 grams of nitrogen, 
or a total gain of 51 grams. The subject gained 3.1 kilograms in weight. Taking 
into account the gain in flesh, the gain in fat (shown by the excess of fat consumed 
over that excreted in the feces), and the increase in weight, the following figures 

are given : 

Grams. 

Gain in weight 3,100 

Gain in flesh 1, 455 

Gain in fat 2,254 

Loss of water 609 

The experiments agree with those made with animals; that is, protein can be 
gained in considerable quantity, but, as the author says, there is no proof that it is 
in the form of "acquired" protein. The gain was so large that it is impossible to 
consider it "circulating protein,'' which was Voit's idea of protein stored up under 
similar circumstances. It is very probable that, in accord with von Noorden's theory, 
the protein gained is stored up as "reserve'' material. 

Nos. 515-520 were made by Albertoni and Novi at the University of Bologna in 
1892, and form part of an extended dietary study of Italian peasants. The subjects 
were a peasant living in the neighborhood of Farrara, his wife, and son. The people 
were in good health, but very poor. Their combined yearly earnings amounted to 
only $97, of which $81 was expended for food. Their food in winter was mainly 
maize and chestnut meal, macaroni, beans, fish, and lard. In summer the mai/.e 
meal was in part replaced by bread. The food was accurately weighed and analyzed, 
as were also the urine and feces. The experiments represent two periods of obser- 
vation of 3 days each, one in March and the other in August. 

Nos. 521, 522 were made by von Limbeck in Vienna in 1894, and are briefly reported. 
The object was to investigate the metabolism of calcium oxid. The subjects were 
two aged women. The diet was mixed, but the food was not specified, nor is it 
stated that analyses were made. It is probable that the calcium oxid in the urine 
and feces was determined. The author concludes that the experiments were made at 
a time when the organism for some reason was under abnormal conditions as regards 
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calcium oxid metabolism (''senile osteosporosis'^y or that the diet selected did not 
supply enough calcium oxid for the needs of the organism. At any rate the subjects 
lost considerable calcium oxid each day. It is not possible that such a loss could 
continue for a long time without fatal results. The calcium oxid was almost entirely 
excreted in the feces. 

Nos. 523-^538 were made by Smimov at Tshudnovsky's laboratory in St. Petersburg 
in 1884. The object was to study the effect upon the assimilation and metabolism of 
nitrogen of consuming the daily food at frequent intervals. The term fractional 
nutrition has been applied to such a division of the daily ration. The subjects were 
8 healthy young men. The experiments were of 12 days' duration and each was 
divided into 2 equal periods. The same quantities of bread, milk, butter, and meat 
were consumed daily. Weak tea with a little sugar was taken as a beverage. 

During the first period the subjects consumed the food under normal conditions, 
i. e., in 3 portions daily. Three-fifths of the total nitrogen of the food was famished 
by the midday meal and one-fifth by each of the other meals. During the second 
period the food was consumed in 5 portions daily. 

The separation of the feces was made with blackberries. The nitrogen of the food, 
urine, and feces was determined by the Kjeldahl-Borodin method. 

The principal conclusions reached were the following: When the food was con- 
sumed in 5 portions the assimilation of nitrogen increased on an average 2.39 per 
cent; the quantitative metabolism of nitrogen decreased on an average 8.37 per cent; 
and, judging by the amount of extractives in the urine, the qualitative metabolism 
of nitrogen increased on an average 1.54 per cent. The subjects gained in weight. 

In addition the author studied the effect of fractional nutrition on the action of 
putrefactive bacteria in the intestines. As an index of bacterial action the ratio of 
preformed sulphuric acid to ether sulphuric acid in the urine was determined. The 
preformed sulphuric acid was determined by Salkowski's method and the ether 
sulphuric acid by Baumann's method. The ratio of one to the other was not afiected 
by fractional nutrition. 

Since the data for this bulletin were compiled a few experiments with man which 
would properly be included in this section have been published by American investi- 
gators. Atwater' has reported an experiment made by Slagle, Smith, and Torrey. 
They themselves were the subjects. They were all healthy young men weighing 
from 60 to 68 kilograms. The test lasted 10 days. A simple mixed diet was con- 
sumed. Most of the foods were analyzed, as were also the urine and feces. The 
heats of combustion of the food, urine, and feces were determined with a bomb 
calorimeter. The daily diet furnished 115.8 grams of protein, 164.8 grams of fat, 
535.6 grams of carbohydrates, and 4^428 calories. The income and outgo of nitrogen 
per man per day was as follows : Jji food 18.4 grams, in urine 11.9 grams, in feces 1.7 
grams; gain 4.8 grams. 

From a large number of digestion experiments with man, Atwater has deduced' 
the following average coefficients of digestibility of the different nutrients : 

Calculated coefficients of digestibility. 



Animal foods 

Cereala and snsan . . . . 
Vegetable and fruits. 



Protein. 



Per cent 
98 
85 
80 



Fat. 



Percent 
97 
00 
90 



Carbo- 
hydrates. 



Percent 

100 

96 

95 



In a considerable number of experiments, including the above, the calculated 
digestibility, using these coefficients, was found to agree very closely with that 

I Connecticut Storrs Sta. Rpt. 1896, p. 163. 
>Ibid., p. 186. 
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tt4stuAlly obtttiiied. It would sip|M$ar, therefore, that in detarmining the actoal food 
viilii« of variouA ttrti<'Le« of diet ihtmn emleulMUfd ooefBeients of digMtibility may be 
iiM«d siiuilarly to the eoeflicieoU of digettibilit j whieh are employed in determining 
the value of luetiing atuiTs. 

Hiiyder ' has reported au ezi>erimeut on the digeatibility of potatoes when consnmed 
with milk, cream, and eggs. The subject was a healthy young man weighing about 
63 kUograriis. The daily diet eonsisted of 1.587.6 grams of potatoes, 710 cubic centi- 
meters of milk, 237 cubic centimeters of cream, and 8 eggs, and furnished 113.3 grams 
of protein, 102.4 gramH of fat, 319 grams of carbohydrates, and 2,883 calories. The 
experiment covered 4^ days. The daily income and outgo of nitrogen was as fol- 
lows: In food, 18.1 grams; in urine, 15.7 grams; in feces, 2.0 grams; gain, 0.4 gram. 

Taking into account the digestibility of cooked eggs, as determined by the Btutzer 
method, the author calculated the digestibility of potatoes alone. 

A numJi>er of other ez]>eriments in which the balance of income and outgo was 
determined have been made under the direction of this Department^ but are not yet 
published. 

Hoover and SoUmann* studied the metabolism of a fasting nuui during hypnotic 
sleep. The subject was a healthy young man and remained in hypnotie sleep for 9 
days, swakening only once during this period. He was supplied with water but 
consumed no food. The urine was collected with a eatheter and analysed but no 
feces were produced. During the whole period the subject excreted 113.6 grams 
nitrogen or 12.4 grams per day. As the experiment progressed, the loss of phos- 
phoric acid became greater in proportion to the amount of nitrogen. The uric acid 
excreted diminished on the first day but increased on the succeeding days. 

'*The chlorids gradually decreased in amount, reaching the minimum on the last 
day. The total loss of the body weight was 5,896 grams, 3,311 of which must have 
been proteid material, as estimated in lean muscle from the amount of nitrogen lost. 
Assuming that the maximum amount of glycogen in the liver was 200 grams, which 
we may assume was all consumed, the loss in fat and water would be 2,355 grams.'' 

The authors compare their lesults with those obtained in exi>eriments with fasting 
men and discuss the subject from a medical standpoint. 
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HEALTHY SUBJECTS, mFLUENOE OP OTHER CONDITIONS 

THAN DIET. 

A comparatively large namber of experiments have been made with 
man in which the effects of other conditions than diet nx>on the balance 
of income and outgo of nitrogen were studied. Some of these condi- 
tions were more or less abnormal. Experiments of the latter kind often 
serye a twofold purpose. They throw light upon the influence upon 
metabolism of the special x>oint under consideration, for instance, the 
effect of fasting or of different drugs; and by comparison it is often 
possible to draw conclusions concerning the normal or usual conditions. 
For example, exx>eriments with fasting man have shown the effect of 
consuming no food upon the excretion of nitrogen and upon other 
8i>ecial questions. They have also shown, in the opinion of many in- 
vestigatorSy the smallest amount of protein upon which the organism 
can maintain itself, since it was believed that when living upon its 
own tissues the organism would utilize its resources in the most 
economical way x>08sible. 

Some of the special questions studied are of great interest and 
importance iii themselves. The influence of muscular exertion upon 
the excretion of nitrogen may be cited. This involves the question of 
the source of muscular energy. The exact service rendered by the 
nitrogenous and nonnitrogenous nutrients as sources of energy in the 
animal body is not yet clearly understood. Closely connected with the 
experiments on the effect of muscular energy are those in which mas- 
sage was employed, since this may perhaps be regarded as equivalent 
to involuntary muscular exertion. 

The study of the changes in metabolism due to various phases of 
sexual life is of great importance, yet the investigations made on these 
lines are not as numerous as might be exx>ected. 

In the section of this compilation devoted to experiments with 
animals many investigations are noted which were more or less similar 
to those mentioned above. 

BXPEBIMENTS IN WHICH THE SUBJECTS WEBE FASTINa. 

In Table 8 are included 62 tests with men and 4 with women in which 
the subjects were fasting. Fasting may be either partial or complete. 
Most of the exx>eriments of the latter kind were made with well-known 
professional fasters. A number of tests with diseased subjects consum- 
ing no food are included in Tables 17 and 24. Experiments with fasting 
subjects in which the balance of carbon and nitrogen was determined 
are included in Table 26. Tests with fasting animals are included in 
Tables 28, 29, 30, 31, 34, and 38. 
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Num. ri;t()-r>42 worf) inado by Tnozek at the iDsane aaylnm in Marburg in 1883-84. 
'Hilt filtjfirt wan an investigation of the influence of fasting on metabolism. The 
NitbJoclN worn two women. Both were suffering from some mental derangement and 
for a long tiino refused to take food. After the prolonged fast the subjects of their 
own accord took foo<l. It consisted of soup, bread, meat, etc. The water and pro- 
tein in the food consumed were calculated from Bauer's figures. The urea, phos- 
phoric acid, sulphuric acid, and chlorin in the urine were determined, and tests 
were made for albumen, sugar, indican, and acetone. The nitrogen in the feces was 
calculated from Konig's coefficients of digestibility of the various articles of food. 

The subject of No. 539 fasted for 22 days. She spent most of the time in bed. 
There were no feces for 17 days. The urine was free from albumen, sugar, and indi- 
can ; it, however, gave a reaction for acetone. The patient drank a little water, about 
175 cubic centimeters per day. 

In No. 540, which immediately followed No. 539, the subject received at first a 
large quantity of liquid, over 2,000 cubic centimeters per day with the food, but 
only 400 cubic centimeters of urine was excreted per day. llie long fast had evi- 
dently removed considerable water which is normally present in the body, and until 
this was made good the loss of liquid fh>m the body was small. On the third day 
after the fast there was no acetone in the urine and on the fifth day indican was found. 

The subject of No. 541 fasted for 28 days. The experiment covered 16 days, not 
consecutive, between the eighth and twenty-eighth day of the fasting period. 
Daring this time the patient drank a little water, beer, and broth, and ate a little 
orange. Feces were produced normally. In No. 542 the subject took some food. 

The author gives many details of the conduct of the two subjects, and the experi- 
inienta are discussed at acme length from a medical standpoint. No conclusions 
w«»re drawn. 

Nos. 543-551 were made by Sadoryen at St. Petersburg in 1888. The object was 
to study the metabolism of man when fasting. The subject was a man. Three 
experiments are described. In the first (Noa. 543~545[the subject took food on the 
first and last days and faated on 2 days; in the second (Nos. 546-548) he fasted par- 
tit lly or completely for 4 days and took food on the last day ; in the third (Nos. 549- 
551) he consumed water, starch, and sugar, but no nitrogenous food. The nitrogen 
in the food, urine, and fect!« was determined by the Kjeldabl-Borodin method, the 
uric aiM«l iu the urine by Xeubaner's or 8alkovsky*s method, and the phosphoric and 
hydrochloric acids in the unne by titrating with solutions of nranium nitrate and 
sllv«'r nitrate, res])eotively. The oxygen and hydrogen in the food were determined 
by elementary analyses. The respiratory quotient was determined by Pashutin's 
method.' 

Among the conclusions reached were the following : As fasting continued the daily 
loss in weight of the subject diminished. In general^ obeerrations with man cor- 
roborate the law observed with animals, that the intensity of metabolism is inversely 
proportional to the size of the organism. 

The outgo of nitrogen and nric acid diminished daring fasting. This has been 
observed also with fasting animals, with this diflference, however, that with man 
relatively less nitrogen is excreted and on the first days of fasting the outgo of nitro- 
gen decreases more gradually than in animals. 

Nos. 552-557 were made by Paton and Stockman in 1889 ( t ). The object was an 
investigation of the infiuence of fasting on metabolism. The subject was a French 
professional faster named Jacques. He fasted 40 days. He consumed considerable 
mineral water and smoked during the whole period. He took small quantities of a 
powder of vegetable origin prepared by himself. He would not reveal its composi- 
tion. During the first half of the experiment he took daily walks. For the first 
few days feces were produced, then for 30 days none were excreted. A peculiarity 
of the experiment was that the subject drank considerable quantities of his own 



* Vrach, 7, 1886, No. 18. 
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urine. It is not stated that this fact is taken into account in compnting the resolts. 
Drinking urine for stomach troubles is customary among the peasants of the region 
of which Jacques was a native. 

No. 558 was made by Klemperer in 1888 (f ) to study the excretion of nitrogen 
during fasting. The subject was a patient in an insane asylum. For a long time he 
refused to take food. A little water was consumed. The nitrogen in the urine was 
determined. It is not stated that feces were excreted. 

The author discuoses his experiment and other experiments with fasting men, and 
concludes that in long-continued fasting the usual nitrogen excretion is from 3 to 5 
grams per d^y. 

This experiment formed part of an investigation of metabolism with subjects 
under various conditions. (See Nos. 370-375, Table 6.) 

Nos. 559, 560 were made by Munk in Berlin in 1888 ( f). The object was a study of 
the influence of fasting on metabolism. The subject was a healthy young man. For 
6 days no food was consume<l. For 2 days preceding and 2 days following the fast- 
ing period the food was carefully weighed and analyzed. The urine and feces for the 
2 days following the fasting period were also analyzed. It had been said by some 
critics that the value for the nitrogen excretion which Zuntz had found in the rase 
of the professional faster Cetti (No. 563) was too high and was due partly to disease. 
The nitrogen excretion of the subject of this experiment was the same as in the case 
of Cetti. On the mixed diet followed for 2 days the organisin gained a large amount 
of nitrogen. This fact was attributed t6 the abundance of fat and carbohydrates 
furnished with the protein. The nitrogen excretion was less on these days than 
during the period of fasting. 

The fact is pointed out that when the dietary contains little protein more calories 
of energy are required before nitrogen balance is reached than when there is an 
abundance of protein. 

No. 561 was made for purposes of comparison with a vegetarian diet. (See Nos. 
8-10, Table 1.) 

No. 562 was made by Luoiaui. The subject was the professional faster Succi. The 
experiment is quoted by the compilers from a citation without details by Munk. The 
original publication > was not accessible. In discussing metabolism during fasting 
von Xoorden^ has quoted the experiment, giving some details. According to him 
the subject fasted 30 days. For 5 days before fasting on an average 16.2 grams of 
nitrogen was excreted in the urine. On the first 5 days of fasting the mean daily 
excretion was 12.9 grams. The excretion diminished until from the twenty-first to 
the twenty-fifth day the average was 4.7 grams, and from the twenty-sixth to the 
thirtieth day it was 5.3 grams. 

Nos. 563 and 564 were made by Lehmann, Miiller, Munk, Senator, and Znntz, in 
Berlin in 1887 and 1888. The object was to study the effect of prolonged fasting on 
the organism. The subjects were the professional fasters Cetti and Breithaupt. 
They were closely watched during the whole time of the experiments. Cetti fasted 
ten days. His weight decreased from 57 to 50 kilograms, or 11.14 per cent. For the 
first 5 days the loss of weight was rapid ; on the sixth and seventh days there was 
only a slight loss, and on the last 3 days a considerable loss. 

Breithaupt fasted 6 days. His weight decreased from 60 to 56.45 kilograms, or 6.9 
per cent. The loss was greatent on the third and fourth days. The subjects 
appeared thinner after fasting. Cetti*s pulse remained about the same, but Breit- 
haupt's was slower than usual. Cetti suffered during the whole time with pains 
similar to colio, and Breithaupt from a cold in the head and some inflammation of 
the bowels. 

Feces were pro<luced during the whole period, the aver<tge for Cetti being 22 grams 
per day and for Breithaupt 9.5 grams. In neither case was the loss of nitrogen 



1 Das Hnngern., Leipzig, 1890. Translated from the Italian, 
s Pathologic des StoffwechseU; Berlin, 1893, p. 153. 
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94 A DIQE8T OF METABOLISM EXPERIMENTS. 

throngh th« ftictm very large. Tki» ether extract of the feces consisted of fat, fatt j 
acids, and salts of fatty acids, besides a little cholestrin. The ash contained a 
rwy little magnesia, but a large percentage of allhJtai. 

In both cases the sulphur in the urine was determined. In the etm^ of Ca4i& ibe 
phosphoric acid balance was also determined. 

Respiration experiments were made in which the respiratory quotient was deter- 
mined, but no figures were given for the balance of income and outgo of carbon. 

Nos. 565-604 were made by Gorokhov in St. Petersburg in 1894. The object was 
to determine the influence of repeated periods of partial fasting on nitrogen metabo- 
lism of healthy individuals. The subjects were 8 young men, physically well devel- 
oped. The experiments were divided into five perio<lB, of 3 days each. In the first, 
third, and fiflh periods the subjects consumed normal quantities of bread, milk, 
meat, and butter. The first i>eriod was regarded as preliminary. In the second and 
fourth periods a moderate amount of black bread was consumed. The last two are 
regarded as periods of partial fasting. Throughout the whole experiment weak tea, 
with some sugar, was taken as a beverage. 

The separation of the feces was made with blackberries. The nitrogen of the food, 
nrine, and feces was determined by the I^eldahi-Borodin method. The determina- 
tions were made in each portion of the food purchased and in the urine and feces 
daily. The ratio of neutral sulphur to acid sulphur in the urine was also determined. 
The neutral sulphur was estimated by taking the difference between the total sul- 
phur and sulphur of sulphuric acid. The sulphur was estimated by Salkowski's 
method. From the ratio between neutral and acid sulphur inferences were drawn 
concerning the qualitative metabolism of protein. Further deductions were drawn 
fmrn the amount of nitrogen of extractives, that is, the total nitrogen of the urine 
less the nitrogen of urea. 

The following conclusions were reached : During the periods of partial fasting the 
assimilation of nitrogen was less complete than during normal periods and the organ- 
ism lost nitrogen, i. e., some of its own tissue was metabolized. The amount of par- 
tially oxidized products in the urine increased. The quantity of urine decreased, 
although more water (tea) was consumed. The total quantity of dry matter of the 
feces increased. More nitrogen was lost during partial fasting than was gained 
during the following periods. The subjects gained in weight. 

In the periods following the i>eriods of partial fasting the assimilation of nitrogen 
improved and the metabolism decreased. The quantity of incompletely oxidized 
products in the urine was less than during the periods of partial fasting, but greater 
than during the preliminary period. The subjects lost weight. 

EXPERIMENTS WITH DRUGS. 

In Table No. 9 are included 243 tests with men, 2 with women, and 
8 with children, in which varioas drags, inclading many commonly 
nsed in medicine, were given with a more or less normal diet. The 
influence of a drug on the excretion of nitrogen is regarded as one of 
the most valuable indications of its physiological eifect, and in many 
experiments with drugs the nitrogen balance has been determined in 
this connection. For instance, if a drug causes an increased excretion 
of nitrogen in the urine the conclusion seems warranted that this is 
due to increased cleavage of protein. Many of the exi)eriments with 
dogs have been made to study the general laws of nutrition. Thus 
laxatives have been employed to see whether increasing the amount of 
feces increases the excretion of nitrogen also. Similar experiments 
of a similar nature with diseased subjects are found in Tables 17 to 23^ 
%nd with animals in Tables 29, 31, 34, and 36. 
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Koiu606.606 wtre made hj HOfler in ISBl (t). The objaet wm to inrestigate tiie 
infloeuoe uf Knuikeiilieiler xoiiierml water upon metabolimi. Tlie sabject was a 
beallbj yuuu^ uiao. The food consititad of a aimple mixed diet. The experiment 
va* divided into two periods, aad in the eet^ond Krankeuheiler mineral water and 
Krankenheiler ttalte were taken witl^ the food. This mineral water contains in 750 
enbic eeutiuieters 1.45 grams of sodium c-hlorid, 1.15 grams of sodium carbonate, 
and (1. 15 gram of sodiam sulphate. The nitrogen in the food was determined. The 
sftecific gravity, nrea, sodium chlorid, and phosphoric and sulphuric acids in the 
nriue were determined,and the nitrogen in the feees was assumed by the author 
from Keuke's lignres. 

The conclusion was reaehed that the Krankenheiler mineral water increased the 
appetite and the amount of urine and also the metaboliam of protein, as was shown 
by the increased amount of urea, orie acid, eodinai ehlorid, and phosphoric acid 
excreted. 

Kos.a07-«13. See Koa. 872-^87, Table 10. 

Eos. 614-616 were made by Schulze in the laboratory of the Department of Fhysl- 
ologicsl Chemistry- of the University of Breslan in 1883 ( t). The object was to inves- 
tigate the iufloenoe of potassium bromid on metaboliamu The iorestigator himself 
was the subject. The diet oonsisted of bread, meat, butter, oocoa, etc. On three 
days potassium bromid was taken in 10-gram doaea. The food, urine, and feces were 
analyzed. It was found that potassium bromid had no influence on the temperature 
of the body. The conclusion was reached that it produced a marked diminution of 
the nerre power and of the amount of matter metabolized by the nervous system. 
This eonclusion was based on the fact that potassium bromid diminishes the excre- 
tion of phosphorus in the urine. If leas metabolized phosphorus was excreted it was 
thought to be because the nerve centers had been leas active than usuaL 

yos. 617. 618 were made by Forster at the University of Amsterdam in 1882 in con- 
Bit«-tion with a study of boric acid as a food preserrati ve. The subject was a healthy 
physician. The test was divided into three periods. The food oonsisted of a simple 
mixed diet. In the second period 3 ;:rams of boric acid was taken daily. The 
feces were »eparated by means of milk and eggs. The food, urine, and feces were 
analyz4rd. 

The conclo8ion was reachexl that boric acid had no influence on the metal>oli8m of 
protein. It, however, diminished somewhat the abM>Tption of nutrients in the 
intestines. Its extended use as a food pres(*rvative is not recommended. 

Noa. 619-621 were ma<le by Chittenden and Cuthbert at the Laboratory of Physio- 
logical Chemistry at Yale College in 1884. The object was to study the influence 
of potassium and ammonium bromids on metaliolism. The subject was one of the 
investigators (Cuthbert). He was of good physique and vigorous constitution. 
The food consisted of beef, bread, potatoes, oatmeal, etc. The periods with potas- 
sium or ammonium bromid were preceded and followed by normal periods. The 
reaction, specific gravity, total solids, phosphoric acid, phosphoric acid in combina- 
tion with calcium and magnesium, and the uric acid and urea in the urine were 
determined. The nitrogen in the urine was calculated by the compilers from the 
uric a^-id and urea. The nitrogen of the feces was assumed by the compilers from 
exfieriment No. 83, Table 2, in which the diet was similar. The composition of the 
food was calculated by the compilers from standard tables.' 

Th(f following conclusions were reached : Potassium bromid incr ea s e d the metab- 
olism of nitrogen and slightly diminished the excretion of phosphoric acid. Ammo- 
nium bromid increased the metabolism of protein more than potassium bromid, 
while the phosphoric acid excretion remained practically unchanged. 



I I^ofessor Chittenden has stated to the compilers that the composition of the food 
used in these and other experiments made by him was determined, although it was 
not publishe^l. The laboratory books containing these data have Im^u mislaid, and 
the original data could not be obt;iined for publication in this compilation. 
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No8. 622-030 were made by Chittenden and Whitehonse at the Laboratory of Physi- 
ological Chemistry at Yale College in 1884. The object was to study the influence 
of cinchonidin sulphate on metabolism. The subject was one of the investigators 
(Whitehonse). The food consisted of beef, bread, potatoes, oatmeal, etc. Periods 
in which cinchonidin sulphate was given were preceded and followed by periods of 
normal diet. The reaction, specific gravity, total solids, chlorin, phosphoric acid, 
uric acid, and urea in the urine were determined. The nitrogen in the urea was 
calculated by the compilers from the urea and uric acid. The nitrogen of the food 
was calculated by the compilers from standard tables, and that in the feces was 
supplied fVom experiment No. 83, Table 2, in which the diet was similar. 

The conclusions were reached that cinchonidin sulphate diminished the excretion 
of area, and the effect was noticed for some days after the last dose of the alkaloid 
was taken. The excretion of uric acid did not appear to be correspondingly increased. 
The excretion of phosphoric acid was diminished. 

An experiment was made in which glucose was added to the normal diet, in order 
to determine whether the diminished excretion of phosphoric acid was due to some 
specific influence of the cinchonidin sulphate or to the general decrease of metabo- 
lism of protein. If the diminished excretion of phosphoric acid was due to the 
latter cause, it might be expected to take place also when the amount of carbo- 
hydrates in the diet was increased. It was found that under the influence of glucose 
the average amount of urea excreted was diminished 10 per cent and phosphoric 
acid 8.34 per cent, while with cinchonidin sulphate the average decrease in the 
excretion of urea was 8.8 per cent and of phosphoric acid 11.9 per cent. ''Conse- 
quently, it would appear that while cinchonidin lowers the rate of decomposition 
of proteid matter in the body, it also has an effect upon the decomposition of some 
phosphorized principles, that being the only plausible explanation of the increased 
diminution of phosphoric acid noticed under the influence of the cinchonidin salt.'' 

Nos. 631-648 were made by Walter in St. Petersburg in 1886. The object was to 
study the influence of antipyrin on the metabolism and assimilation of nitrogen 
in fever patients and healthy persons. Nine experiments are described. The sub- 
jects in Nos. 631-644 were suffering from various diseases And in Nos. 645-648 they 
were healthy. Each experiment was divided in two periods, one without anti- 
pyrin and one with antipyrin. The diseased subjects received no food except milk. 
They drank water and a beverage made from red bilberries ( V<iocinium vitia-idcea), and 
took from 5 to 7.5 grams of antipyrin per day during the second period. The healthy 
subjects consumed milk, bread, bouillon, and roast beef, and took 3 grams of anti- 
P3rrin per day during the second period. The nitrogen of the ifood, urine, and feces 
was determined by the Kjeldahl- Borodin method. 

The author sums up his results as follows : Under the influence of antipyrin the 
metabolism of protein decreased in all the subjects, and the assimilation of protein 
improved in the cases of fever subjects and was not affected in the healthy subjects. 

Nofl. 649-660. Gramatchikov and Ossendovski made in St. Petersburg in 1887 an 
extended study of the influence of [cigarette] smoking on the organism of man. The 
influence of [cigarette] smoking on the metabolism and assimilation of nitrogen 
formed a part of this investigation. 

A number of experiments of 10 days' duration were made, divided into two periods 
of 5 days each and preceded by a preliminary period of 5 days under the same dietary 
conditions. None of the subjects smoked during this period. The subjects were 
healthy men except B., who was troubled slightly with rheumatism. O. had never 
before emoked, B. was a moderate smoker, and the others were in the habit of smok- 
ing a large number of cigarettes daily. In all the experiments except Nos. 651-654 
the subjects smoked during the second period, but did not smoke during the first 
period. In these two experiments the conditions were reversed. The number of 
cigarettes smoked per day was left to the inclination of the subjects. The food 
consistdd of a mixed diet, varying somewhat in quantity for the different subjects. 
The nitrogen of the food, urine, and feces was determined by the Ejeldahl-Borodin 
method. 
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method with' Pfl tiger's modifications. The ammoDia, urio aoid, and chloridB in the 
urine were also determined, and in some instances the nitrogen in the feces. In the 
other cases the nitrogen in the feces was calculated. 

The following conclusions were reached: Sodium citrate in large dosee when taken 
for a long time did not produce dyspepsia. It had a diuretic effect and made the 
urine decidedly alkaline. Sodium citrate for a time diminished the metabolism of 
nitrogen and caused a gain of nitrogenous material. This period was, however, 
limited, for soon the weight of the body decreased and at the same time the nitrogen 
excretion was abnormally increased. Sodium citrate decreased the ammonia excre- 
tion to a minimum. While the decomposition of protein was increased the decom- 
position of fat was also increased, or the water in the organism was diminished. 
The excretion of uric acid was diminished and the complete assimilation of nutrients 
in the intestines was disturbed. Small doses of sodium carbonate had no effect upon 
the nitrogen excretion in the urine. 

The after effect of long-continued large doses of sodium citrate upon the nitrogen 
content of the urine and feces was limited to 4 or 5 days. The increased consumption 
of water did not diminish the excretion of uric acid, but did remoye nitrogenous 
materials already formed in the organism. 

Nos. 685-707 were made by Ippolitov in St. Petersburg in 1889. The object was to 
study the influence of the internal use of cod-liver oil on the metabolism of nitrogen 
in children. From a survey of the literature on the therapeutical effects of cod-liver 
oil the author concludes that there are two opposite opinions, each of which has 
many supporters. Some (the majority) regard cod-liver oil only as a fat, easily 
digested, owing to the presence of free fatty acids, while others consider the fats of 
no consequence and attribute all importance to special constituents of the oil. 
Recently two articles which are intended to replace cod-liver oil have appeared. 
Mering proposed ** lipanin '' (a preparation of olive oil with 5 to 6 per cent of oleic 
acid), which, in his opinion, has none of the bad properties and all the advantages 
of cod-liver oil; and Lafago proposed ^'morrhuol,'' in which there is no fat, but 
which, in his opinion, represents the active principle of cod-liver oil. 

Eight experiments were undertaken, although the eighth was not completed, to 
study the influence of cod-liver oil on the metabolism of nitrogen, to compare it with 
common vegetable oil, '' lipanin'' and '^morrhuol,'^ and also to compare white and 
yellow cod-liver oil. The subjects were children, hospital patients. Each experi- 
ment lasted 19 days, and was divided into three periods. In the first period (5 days) 
no remedy was given ; in the second period (9 days) 4 subjects received white cod- 
liver oil and the others either almond oil, "lipanin," ** morrhuol," or yellow cod-liver 
oil; and in the third period (7 days) the conditions were reversed. The oil was 
administered twice a day in doses of a dessert-spoonful before meals. The nitrogen 
of the food, urine, and feces was determined by the Kj elf lahl- Borodin method. In 5 
cases the nitrogen of the urea, extractives, and uric acid in the urine was also deter- 
mined. Borodin's method for urea and Haycraft's method for uric acid was used. 

The following conclusions were reached : The internal use of white cod-liver oil 
diminished the metabolism of nitrogen, and almond oil and "lipanin" diminished 
it in a less degree. Yellow cod-liver oil and " morrhuol " slightly increased the meta- 
bolism of nitrogen. Cod-liver oil, almond oil, and "lipanin" did not materially 
influence the assimilation of nitrogen. Satisfactory gains in weight were made while 
using white cod-liver oil, better gains while using "lipanin," and less satisfactory 
gains while using almond oil and yellow cod-liver oil. The qualitative metabolism 
of the children was approximately the same as that of adults. 

Nos. 70&-739 were made by Aikinov in St. Petersburg in 1889. The object was to 
stndy the effect of feeding alkaline albuminates, i. e., artificial tata albumen. Tata 
albumen was discovered by Tarchanov. He found that in the fresh eggs of birds 
which are not covered with feathers when hatched there is a special kind of albumen. 
On boiling this albumen becomes transparent and gelatlnouH. It received the name 
of tata albumen. Tarchanov also devised a method for preparing tata albumen from 

74»— No. 46 8* 
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^le white of hen's eggs. All tho nsaal qnalitative tests for albumen are a|»plieable 
th tata albumen also. However, it has one pecnliarity, i. e., a strong odor when 
treated with water. Tata albumen is prepared in two forms, a Jelly and a pow- 
der. Both have a stronger alkaline reaction than the white of eggs. The author 
quotes the composition of tata albuminates from a dissertation by Malachowski on 
'* Chemical composition and assimilation of potassium and sodium albuminates (tata 
albominates)/' St. Petersburg, 1889. 

Cifmpo9itian of iaia anmmiuatei^ 



PotaMinn tata powder . 
Sodiam tata powder . . . . 
Tau jolly 



Sther ' 
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7.672 
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PotSMi- Sodiam 
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Per eenL . Per < 

Xa76 

L8U 
.616 



Eleven experiments on the food value of tata albuminates were made. The sub- 
jects were men snft'ering fh>m some disease. In 5 experiments the food, urine, 
and feces were analyzed; in the remaining 6 the food was not analyzed, but its 
composition was calculate from available data. The nitrogen in all cases was 
determined by the Kjeltlahl-Wilfarth method, the urea by the Pflttger method, and 
the urio acid by the li ay craft method. Each experimeut was divided into three 
periods. During the second period the subjects were given the tata albuminates 
(jelly and sodium powder). In the tint and third periods the dietary conditiona 
were normal. 

The following conclusions were reached: The {tatients ate the tata albumen 
pivparatiotts quite willingly. The alkaline albuminates did not cause vomiting, 
•ymptom« of dyspepsia, or diarrhea. The alkaline albuminates were as well assinii- 
laled as the milk casein or meat of a mixed dirt. When tata albumen was con- 
suBM<d the qualitative metabiUism of nitro:^fn improved and tlie cleavage of protein 
was BKoiv complete. Alkaline albuminatea will probably prove valuable in diseases 
wberr abundant nourishment is the chief prx>blem. 

X«iic 710-74$ wer^ made by Korerski ai the Tniversity of Dorpat in 1890. The 
cb.^cvl was t«> study the influence of (todium carbonate upon metaboUsm. The 
aatbtic himaelf was the subject. The food coo^iste^ of a simple mixed diet. In two 
l«n» Sik>di;uB carlnnuite wa^^ also coa»umed. The composition *>( the food waa caleu- 
2a3««3 f*ve& K^i^'s taM«». The n:tr\>gec. so^iiom. and potassium in the tirine and 
ihMSk. aad ibe chlorin in the urine werv •letermice^. 

TV- :VJow'.Ai: c\<€icla»ions wer>' reached : Sodiim carbooaie in large doses had a 
«L^liIy ci^rvsic action, but did n^^t prv>duce a U^sa of weigh L W^n the dose was 
7 jrrasDt jicc d^y or l^riptr iLe urne became alkalizie. Sodiam carbonate caused an 
a»;7>rtaM«i excsvsi<><i of chlorin. ««>i:um. acd ^^sa»ixDa. ^'^'ben taken in aoiounts not 
<x :*ti(«i:xj! I5> craci^ 'laily ti w;ft» ecrinrly aN«orb<d :a itA iicinines Wbcn sodium 
«h^->«i(nfcS» wii» bk^ loc^r laker. :he uriii'' a>?o. Ve«eax« aid and tke chlorin and 
i«jcaiiK. OL -e xcr** i>.^q Nct.*.kB« ri'^TZtal Th« af^er < £^f 3 of i<^i:^xa carbonate on sodiam 
e.T :r^ui>.'a wn^ i%:^ a^cke^. vv~: : 1 i^e exc^pron of ibft acid reaction of the urine the 
*s!%e€ t{fiK4» :<f w«i. riL •.arNxiJire -«<rv oqIt =.oc:<v<i roc I ^y. Laijee denes snme- 
wiLk". Ljn.:i ikirt«i -a« d:x«s9:V-I:fiv o: *^<e fixni. No <.MGtfSaiLi efarl cnnld bnobaerved 
in. 'Jii*i «x:r*f<r.>:o ;c* -Lrv^. I:i ^vcertftl :i.< <f5<ct v*f s^L.ia c-jfSjOiiae w«» the same as 
UiU i*>iHKr««L >T *^::tT7nm r'-r Midixn .:i.4rfc:e. except tii.it 3ji> Mocing up €>f aodinm 

>'/*. 'fr^r-T:*' ▼«- sufeLf >T Xar-MarsiAaT - >«. ?*.T*z»6arx ia 139iX Theeli»{ect 

-n* TJ w-nty 12..? ji.ii-*-i.<^ :z IjJWctuV. :t.m7' ra! -r-iaw X,?^ 17 ea t^ naiMflsium 
jatL ii*f<T4.i)«iuiHu >?: t:17**-.;:^ii*:il» t:i''K::;bc.Vfk KHwcTni*. a tZjUi^ im t&e pcwvinee of 
tb( Ttftik. '^Mixi-jmsA. jft iwi;La;«c«i :(.:.' 3W3«r» a>i^^v tjje je'e^ <Kf tan snsL 
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composition of the Essentuki mineral springs is well known in Rnssia, and especially 
that designated No. 17. The characteristic ingredients of this mineral water are 
sodium carbonate, sodlam chlorid, and carbonic acid free and combined. 

The experiments described were made with 4 subjects at Essentnki — the anthor, 
2 physicians, and a laboratory janitor. The nitrogen of the food, urine, and feces 
was determined by the Kjeldf^l-Borodin method. The urea was determined by the 
method of Chavane and Richet. The subjects had 3 meals a day, the food being as 
varied as practicable. Red wine was also allowed. The sabject ot Nos. 753-755 did 
not take wino. He was given blackberries for separating the feces; the others took 
manna for this purpose. All the experiments were carried on simultaneously. They 
lasted 18 days, and were divided into three periods of 6 days each. Mineral water 
was taken during the second period, the amount being 300 cubic centimeters daily 
for each person. The water, which was of the temperature of the room, was taken 
in two portions, 150 cubic centimeters in the morning on an empty stomach, and 150 
cubic centimeters 4 or 5 hours after dinner. 

The author sums up the results obtained as to the influence of the internal use of 
Essentnki mineral water No. 17 as follows : There was a decrease of extractives, an 
increase of urea, and a decrease of uric acid in the urine. The metabolism of nitrog- 
enous substances was increased. There was an increased excretion of bile and a 
general improvement of the digestion. The quantity of feces increased and the 
assimilation as a wiiole and the weight of the body decreased. The reaction of the 
urine changed from acid to slightly acid or neutral. The quantity of urine decreased 
and the specific gravity increased. 

Nos. 756-772 were made by Kotlyar in St. Petersburg in 1890. The object was 
to study the influence of orexin (phenyldihydroquinazolin) on the appetite and 
metabolism and assimilation of nitrogen in healthy and diseased subjects, and also 
on the assimilation of fats by diseased subjects. Three experiments are described 
with healthy and 4 with diseased subjects. The experiments were divided into two 
or three periods. The food consisted of a mixed diet. In every case 5 to 12 grams 
of oi*exin hydrochlorate was taken daily during the second period. The nitrogen in 
the food, urine, and feces was determined by the Kjeldahl- Borodin method. 

The following conclusions were reached : Orexin increased the assimilation of 
nitrogen of healthy and diseased subjects and the assimilation of fat of diseased 
subjects. The metabolism of nitrogen was lowered in healthy and diseased subjects, 
though in the latter case the decrease was neither as marked nor as constant as in 
the former. In all cases the appetite and general condition were improved. 

Nos. 773-782 were made by Savatski in St. Petersburg in 1890. The object was to 
study the influence of saccharin on the metabolism and assimilation of nitrogen 
in healthy subjects. Five experiments are described, each lasting 10 days, divided 
into two equal periods. The food consisted of a mixed diet. Tea was consumed as 
a beverage. In the second period saccharin was added to the tea instead of sugar. 
The nitrogen in the food, urine, and feces was determined by the Kjeldahl-Borodin 
method. 

The conclusion was reached that daily doses of 0.2 to 0.4 gram of saccharin increased 
the assimilation and decreased the metabolism of nitrogen in healthy subjects. 

Nos. 783-787 were made by Chittenden and Washburn at the Laboratory of Physi- 
ological Chemistry at Yale University in 1888 (f). The object was to study the 
influence of nrethan on the metabolism of protein. The subject was a healthy man. 
The food consisted of beef, potatoes, bread, rice, etc. The attempt was made to 
have the daily diet uniform through the whole time of the experiment, which 
extended over a j^eriod of 6 weeks. The nitrogen in the food was calculated by the 
compilers^ from available data.' The nitrogen in the urine was determined by the 
Kjeldahl method. The specific gravity, reaction, sulphur, phosphorus, and chlorin 
were also determined. The nitrogen in the feces was supplied by the compilers from 



* See note on page 110. 

* U. 8. Dept. Agr., Office of Experiment Stations Bui. 28. 
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Uvtgct'B experimenta (Noa. 447 and 448, Table 7) in which the diet wae similar. The 
ez|iflrinient was divided into live periods, and in the second and fourth periods 
nretban was added to the diet. 

The following ooncliisions were reached: Urethan had a decided dloretie action, 
most noticeable on the second day after the drug was taken. Later the amonnt of 
nrine <*xcreted diminished as the dose of nrethan was increased. The Tolnme 
remained far below the average for 2 or 3 dajs after the dmg had been diseontinned; 
that is, until its elimination from the system was fairly complete. Urethan lowered 
the excretion of nitrogen, its effeet being obeerved even when the dose was small — 5 
or 10 grains. After the drug was discontinued the nitrogen excretion rapidly beeame 
normal. The excretion of phosphonis was apparently increased by small doses of 
nrethan. The excretion of sulphur was parallel with that of nitrogen. In no case 
was any hypnotic action observed. 

Nos. 788-792 were made by Chittenden and Adams in 1888 ( f ) at the Laboratory of 
Physiological Chemistry at Yale Tniversity. The object was to stndy the infln- 
ence of antipyrin on the metabolism of protein in a healthy organism. The snbjeet 
was a man. The foo<l consisted of meat, potatoes, bread, steamed oatmeal, milk, etc. 
The nitrogen in the food was computed by the compilers ' in order that the experi- 
ment might l>e includetl in the preeent compilation. The uric acid in the nrine 
was detrrmintHl and alfw> the urea by the PtlUger method. The reartion, speoifie 
gravity, chlorin, total ph(¥»phoric acid, and phosphoric acid combined with calcium 
and magiif«ia were al«4> det«>rmined. From thfse data the amount of nitrogen in 
the urine was compnte*! b> the compilers. The nitrogen in the feces was taken 
by the t^^impilen frvm Rutgers experiments i Nos. 447 and 448. Table 7) in whioh the 
diet was similar. The e\|teriment was dividdl into five periods, and in the second 
and fourth antipyrin vas given. 

The condaMim was reached that antipyrin had a decided Inhibitory action on the 
metabolism of protein in the healthy organism, as shown by the «liminished excretion 
of urea and uric acid. It A^fo tende«l to diminish the volume of nrine. This was 
mtw mark<<d when large dosee were taken. No definite conclusion was drawn 
re^^iLi^iing th^ e^r<t of aatipTrin on the eicrvtioa of phosphoric acid and ehlorin. 

Nml TVCv. T^ were m^e by Ivtait in von Niwnlen'» laboratory at the Medical Insti- 
mte of i^ ra:T«nity of Herlin in IJ^K The object wu^ to study the influence 
of pboi3iZiocT::» pi9id«>ain); on metikboUsm. The Mibject was a woman 40 years old. 
^^»e sTii<ai7Ce^ «aicide Hv iir.nking the water in which the ends of 3 Iwxes of matches 
hmt. 'laeoL ^JMHKTvd. ^he died the day alter the clfwe of the experiment. 

71m- ictiti. rvoaiaced •>!' "BaUe;! ModiQe«l Milk.~ gruel, etc. Its composition was 
AfdifsrxLiiiittd fr>m. .kctual juubly^^e* jmti xrxmx previoos analyves by von Noorden. The 
'^-.vrocta. ±L zhjt anne j^«.i the aitn^^n an«i t'ai m the £>ces were determined. Qnali- 
T»t3'('e Shiisly>«* '?( the inne and blood wvre alM» made, and the expcfimeot is discussed 
ai 'jtmcii. frttn. a asetiicul standpoint. 

Tht T^fTOffTTial tf«acIuA:oii:« reached were the toQowiag: In caeea of phoaphoms 
poif^m-.2uc 'tin it*'\^ci^tMiuoKL of pn^tem l^ ent»rm^Hi;!<>iy uicTeaaed. However, when 
the -^litnilij: raaM4 •l';ftch ai t^oce or tlanng the daal period of slow poisoning the 
nitropvir. e.xrT^TMc Sfe^-oiei^ ver> «ntjul. In ma&y ca^ee the excretion of uric acid is 
not int-DfT.dtiL. as>i -.z. ocher •.';isee it i< iudaecbced cocai«i«rahly. Samll qnaatities of 
pe]«i-oi»eik. ss»c ^tv-SaV'.t >a -ir.. aq^L trruE^ui wvre 6NiBd in the uiae in the above experi- 
meoDi.. Wi T;.! i: *i-.'i ;xikat::ie» that tiier irit'ieciced the aitragea excretion. In 
cju«»> of T*b.-«7^.'^::3 ^•.'^'foa'.:^^ the pn>c«esee of .'\idanv«i arv disunished. thongh thw 
can T)i*i be Of ««m:L-.re«d wi;h v*erc;»iatt>- frvci ah eiaoLiaatioa of tise n inugi metab- 
Cklifon. bi:i sm^^i ne^i Z7<vi :he deter:ui£At^^ o: oixv£v& iiTinamntion Ten davs 
a^e.T i>«^i«ar.;T.{ w^ti ?&.>^9&<^n» the :!i;ectsz7.« «iMi:az:aie^ pkouphecas and p4ospbnrio 

No<^ 7!Cw?ft« WY^ ttjoe Vy I^runke azid Ew:^xi ::i the Emprem Avgnsta Hospital 
it: IWa*V.Ti in l!^l-^ftL rbe o^-ect w ai» ;.« «i:i<i\ the efSset of the i—iinani use of 
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Levico arsenio-iron water on metabolism. This mineral water, wbich is mnoh used 
in Germany, comes from springs in the town of Levico in Austro-Hnngary. There 
are two sorts, the " weak ** and ** strong.'^ The weak contains in 10,000 grams 0.0095 
gram arsenic acid (Aa^Os), 0.0003 gram sodiom ohlorid (NaCl), 6.7278 grams ferrons 
snlphate (FeS04), 2.7272 grams ferric snlphate (Fej(S04)3), 1.5919 grams aluminum 
sulphate (Al3S04)3)y 0.0520 gram copper snlphate (CuSO^), as well as iron carbonate 
and sulphates of manganese, calcium, magnesium, potassium, sodium, ammonium, and 
silicon. The *' strong" contains in 10,000 grams 0.086879 gram arsenic acid, 0.001781 
gram sodium chlorid, 25.675198 grams ferrous sulphate, 13.019720 grams ferric sul- 
phate, 6.239873 grams aluminum sulphate, 0.474459 gram copper sulphate, together 
with silicon, carbon from organic sources; and sulphates of manganese, calcium, 
magnesium, potassium, sodium, and ammonium. These springs have been known for 
more than 200 years and used for aniemia, lack of blood, scrofula, general weakness 
nervous troubles, skin diseases, etc. 

Very little is known of the influence of the sulphates of iron on metabolism, and, 
so far as is known, no experiments have been made with man in which arsenic was 
given in small doses. 

The subject of these experiments was a school-teacher. She was suffering from gen- 
eral weakness, nervousness, dyspepsia, and mental depression. An examination of the 
blood showed that there was no anjemia. This seemed a desirable case in which to 
try the Levico water. This experiment differs from most others with special medical 
treatment in that no tests were made when the remedial agent was not used. Such 
a comparison was not practicable in this case. 

Three sorts of diet were followed : ( 1) Bouillon and milk ; (2) bouillon, milk, meat, 
potatoes, eggs, and bread ; (3) bouillon, milk, and a larger amount of bread, meat, 
eggs, etc. 

The nitrogen in the urine, feces, and food, with the exception of eggs, vegetables, 
and preserved fruits, was determined. In these cases it was calculated from Konig's 
tables. Great care was observed in collecting the urine and feces. The separation 
was made by means of jiowdefed (charcoal. 

Two teaspoonfuls of the Levico water was taken daily; for 8 days the *'weak," 
and afterwards the ''strong.'^ 

There was an interval of about two weeks between the second and third periods 
(Nos. 796, 799). The subject at flrst lost nitrogen, and then gained it steadily. She 
gained also 9 kilograms in weight. When the investigation was begun the number of 
red corpuscles in the blood was 5, 120,000 per millimeter ; at the end it was 8,400,000— a 
very large number. It might be thought that the improvement in the subject's health 
was due to better living, pleasanter surroundings, etc., during the experiment, and 
not to the mineral water. In the author's opinion this oould hardly be the case, since 
her home was with a family who lived unusually well, and nothing which could 
contribute to her comfort was lacking. The article contains considerable discussion 
which is interesting Arom a medical standpoint. 

Nos. 800-817 were made by Volkov and Stadnitski. The object was to study the 
inflnenoe of potassium iodid on the metabolism and assimilation of nitrogen and fat 
and on the variation in the amount of neutral sulphur in the urine of healthy sub- 
jects. The subjects were healthy persons between 22 and 24 years of age, servants 
in a military hospital. The food consisted of a simple mixed diet. The experiments 
lasted 12 days and were divided into three periods. During the second, the subjects 
were given 6 grams of potassium iodid in solution in 2 doses, one in the morning 
and one in the evening. The conditions were normal in the first and third periods. 
The nitrogen of the food, urine, and feces was determined by the Kjeldahl- Borodin 
method. The total sulphur and acid sulphur iu the urine were determined and the 
difference between them was assumed to represent the amount of neutral sulphur. 
The fat of the feces was determined by Lachinov and Chernov's method. 

The authors' conclusions were as follows : The assimilation of protein was very 
•lightly lowered under the influence of potassium iodid, and the metabolism of nitro- 
gen was incxeaMd. The processes of oxidation in the organism were diminished and 
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IIm» qnautltioH of iiitrof^en of incompletely oxidized prodaots and of nentrml ralphor 
ill the tirlno wer» iuoreaeed. Judging from the increase of salpbor in the orine the 
cleavage of protein in the tissnes was increased. The quantity of orine was 
inereastHl and the assimilation of fats very slightly diminished. The weight of the 
Mibjecte was practically nnchanged. 

Xtis. 818, 819. See Nos. 1858-1868, Table 18. 

Nus. 820-850 wore made by Jawein at the clinic of Professor TscbndnoYski in 
St. Petersburg in 1891. The object was to study the influence of large doses of 
•odium bicarbouato and sodium citrate upon the metabolism of nitrogen in healthy 
individuals mid upon the quantity of neutral sulphur and ether sulphuric acid in the 
urine. The sulijects were healthy men. 

The food was a simple mixed diet of bread, meat, ete. The nitrogen in the food, 
urine, and feces was detenulned. The total sulphur, total sulphuric acid, and ether 
sulphuric acid in the urine were also determined, and the neutral sulphur and pre- 
formed sulphuric acid calculated. In most cases the patients were in nitrogen 
equilibrium at the beginning of the experiment. The period in which sodium bicar- 
bonate or sodium citrate was taken was preceded and in several oases followed by a 
four-day perio<l with normal dietary conditions. When 20 grams of sodium bicar- 
bonate was consumed it was taken in three portions between meals. The dose of 40 
grams of sodium citrate was taken in the same way. The dose of 40 grams of sodium 
bicarbonate was taken in two portions. The urine was noticeably alkaline after 
taking 20 grams of sodium bicarbonate or 40 grams of sodium citrate. In all the 
experiments 12 hours after taking the alkali the urine had an acid reaction. 

The conclusion is reached that large doses of either of the salts diminishes the 
assimilation of nitrogen, provided a laxative effect is produced. The nitrogen metab- 
olism is little affected. Large doses of the salts cause a slight retention of water in the 
organism and do not increase the production of urine. They cause marked changes 
in metabolism as a whole, however, aH is shown by the increase in the amount of 
neutral sulphur in the urine and the decrease of the acid sulphur. Apparently 
oxidation processes are retarded and fermentation in the intestines is unaffecU^d. 

Nos. 851-857 were mails by Helniers in Berlin in 1883-84. The object was to 
study the effect of ichtliyol upon metabolism. The investigator himself was the 
subject. The ftMHl. which consisted of a simple mixed diet, was prepared with great 
#;arey and, when possible, sufficient quantity of each article was procured to last 
through the whole ex]>crinient. The separation of the feces was made with berries 
€fr by the charcoal method. The nitrogen in food, urine, and feces was determined. 
Tb« sulphur in urine and feces was also determined. The plan of the experiment 
waA Uf give ichthyol-ammouium in water for a short period, preceded and followed 
by a normal p(*riod. 

llie following conclusions were reached: Ichthyol influences the metabolism of 
yttfUniu in the animal organism very slightly. So far as any influence can be 
^t/%«!frTwl it hinders decomposition of protein and 'increases its assimilation. Fully 
<#XH^-third of the sulphur containeil in the ichthyol circulates in the fluids of the body 
ai>d is eventually excreted in the urine. I'art of that excreted in the feces appar- 
^A]j circulates in the body also and is exuded by the glands of the intestines. 

KXFEBIMENTS ON MUSCULAR EXERTION AND THE EXCRETION OF 

NITROGEN. 

Iij Table 10 are included 183 tests with men in which the effect of 
trmi^nilar exertion on the excretion of nitrogen (urea) was studied. 
TLi* question includes a discussion of the source of energy in the 
usumsil body, i. e., whether energy for internal and external work is 
funn^hed by the nitmgenous or nomiitrop^enous constituents of the 
U^m]. This is a much disputed point, and the number of experiments 
<m this Hiibject is quite large. Experiments on this question with 
;• will be found in Table 29 (Nos. 2455-2514). 
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No8. 858-861 were made by Parkes in 1861. The object was to investigate the excre- 
tion of nitrogen by the kidneys and intestines dnring rest and exercise when the diet 
contains no nitrogen. The subjects were two healthy soldiers about 6 feet tall doing 
duty at the Royal Victoria Hospital at Netley. A diet of starch, sugar, and butter 
was consumed. The work done consisted of walking on level ground ; the amount was 
calculated from Houghton's formula, that when walking on a level tho work is equal 
to that of lifting one-twentieth of the weight through the distance walked. Several 
other experiments were made with a mixed diet, but the food was not analyzed. The 
urea in the urine was determined by the Liebig method and the nitrogen in urine and 
feces by the soda-lime method. 

It was found that when the diet contained no nitrogen, exercise did not materially 
increase the nitrogen excreted in the urine or feces. The amount of urea excreted 
during work was less than during rest. The men were exhausted after a small 
amoont of work was performed. 

The conclnsion is reached that although work can be done on a nonnitrogenoua 
diet, it does not follow that nitrogen is unnecessary. It is more probable that the 
organism nsed some of its own nitrogen during this short period. Experience shows 
that nitrogen must be supplied when work is done and that the amount must increase 
with the work. 

Nos. 862-867 were made by Parkes in 1862, and are a continuation of Nos. 858-861. 
The object was to study the elimination of nitrogen during rest and exercise with a 
regulated consumption of nitrogen. The subjects were two soldiers doing duty in the 
Royal Victoria Hospital at Netley. Subject S. was the same as in Nos. 858 and 860. 
The food was a simple mixed diet consisting of bread, meat, potatoes, etc. The 
nitrogen in the bread was determined. The breivd was always made in the same 
way. In the other articles the nitrogen was calcnlated. Neither alcohol nor tobacco 
was used. The nitrogen in the urine and feces and the urea in the urine were 
determined as in Nos. 858-861. The work performed consisted in walking over level 
ground, the amount being computed as before. A period at ordinary occupation on 
the same diet preceded and followed Nos. 866, 867, but the feces were not analyzed. 
Subject S. excreted in the urine 16.6 grams and 21.1 g^ams of nitrogen, and Subject 
B. excreted 18.5 and 20.1 grams. 

The following conclusions were reached : The nitrogen consomed remaining the 
same, the amount excreted during rest was a little greater than during ordinary 
occupation ; during active exercise the amount of urinary nitrogen decreased ; after 
exercise there was a small but long- continued excess in the excretion of nitrogen, 
and after both rest and exercise there was a retention of nitrogen in the system^ 
when it was again supplied after having been cut off. 

Nos. 868-870 were made by Flint and associates in New York in 1870, The object 
was to investigate the relation of the excretion of nrea to exercise. The subject 
was the professional pedestrian, Weston, who endeavored to walk 400 miles in 5 
consecutive days and on 1 day to cover 112 miles. Thishewas nnabletodo. The 
total distance walked was 317 miles, the greatest distance on 1 day being 92 miles. 
For 5 days before and after the walk and during that time the subject was carefully 
watched. All the food consumed and all the excreta were weighed. 

In Nos. 868 and 870 the food was a very abundant mixed diet consisting of meat, 
bread, milk, eggs, etc. In No. 869 the food consisted of beef extract, oatmeal gruel, 
raw eggs, and a little brandy and champagne. The nitrogen in oatmeal gruel, head 
cheese, and beef extract was determined; in other articles of food it was computed 
from Payen^s figures. The urea, uric acid, phosphoric acid, and sulphuric acid in 
the urine and the nitrogen in the feces were determined. The subject was thoroughly 
exhausted by the severe exercise, but recovered quickly and experienced no bad after 
effects. 

The conclusion is reached that severe muscular exertion increases the excretion of 
urea very considerably. 

749_i^o. 45 d^ 
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No. ^Tl va#i nude by Jooes in New Orleuu in 1978. The object wat to inTestigftte 
tbe effect of prolonged moaealar exertion npon the excretioB of oiine, nrem, nrie 
ftrid, ffboiipboric ft^id. inilphari«* acid, and MMllani chlorid. The inibjert wne Schmehl, 
tbe profeftfional pedettrian. The masenUr exertion eonusted in wmlking 500 miles 
in 142 boarft. IT miiiotee, and 5 teeonds. Tbe a^^gregate time eooramed in wi^Unng 
waa aboat l€>t boars and in rest about 47 boors. Tbe average time reqniied for each 
mile walked was lit minntes. The average distance covered each daj waa83| miles. 
The prolongcxl I'xertion prodnc^ no bad alter effects. Tbe food eoDsmnedeonsisted 
of rare fi^^steak, beef tea, and eggs. Porter, champagne, and adtzer water were 
osed as Wv^rageff. 

The orta, orir, pbospboric, and salpbnric acidA, and sodiom chlorid in the orine 
were determine^L The author did not dctennine the nitrogen in the fcKMi, orine, or 
leees. In order that tbe experiment might be included in the preaent eompilationy 
the nitrogen in the food was calcolate«l from th<* standard table of analyaea of Amer- 
ican foo<1 materials and the nitrogen in the ff«es was taken from experiment No. 
M68, where tb*- diet was somewhat similar. The nitrogen in tbe urine was ealcolated 
from the amoont of urea and uric acid. Tbe orea and uric acid excretion diminished 
gradually during the experiment. On tbe first day it was 62.9 grams aod 0.6 gram, 
respectively, and on tbe last day ^.0 grama and 0.5 gram. 

Tbe author compared bis results with those obtained with individn^s under nor- 
mal conditions. Tbe conclusion was reacheil that increased mnscolar exertion 
increased tbe excn^tion of urea and phosphoric and sulphuric acids. 

Nos. K72-8^ and Xos. 6^^7-613 were mad«* by Oppenbeim in tbe lalioratory of the 
Imttitutfr of Animal Physiology at Poppelsdorf, near Bonn, in 1879-KO. The object 
was ta study tbe physiology and patholo^ of the excretion of urea. The author 
himself was tbe Hubje<-t. Tbe foo<l consiste^l of bread, meat, and milk. Tbe nitro- 
gen in tbe fo<»d was determined every 3 days. The nitrc»gen in the fvct-e and the 
area in the urine w«>rc determined. 

Tbe following sp4«cial questions were investigated: 

(1 ) Tbe influence of frequent urination on the excretion of urea (Nos. 873-K75). 
Tbe effect was so slight that no general conclusion could )»e drawn from tbe few 
experiments. 

(2) Tbe excretion of urea when far^ting i« lN*gun (Xos. 876. 877). The excretion 
of urea was imme<liately diminished. This is in acconl with the views of liiHcboff, 
Voit. and others. 

(3; Tbe influence of tbe consumption of large qnantitien of water (Nos. 878, 879). 
Tbe conclusion was r(>a4'hed that the urine and urea excretions an« both incn^ased. 
The extra quantity of water consumed was 4 lit4*rs, and the urine was increased 3 
liters. 

(1) Tlie influence of coffee (see Nos. 607, ti08. Table 9). Tbe amount of urine 
excrete«l was increas^^d, but the ur<*a excretion diminished. The feces contained a 
larger amount of nitrogen than usual, and in the 2 days following tbe test there 
was no feces. No conclusion is drawn from these results. The subject bad been 
without coffee or tea for a long time, and the coflec had a marked intoxicating effect. 

('t) The effect of qiiiiiin (see Nos. 60!), 610, 613, Table 9). Tbe quiniu ha<l an 
intoxicating effect. The excretion of urine was not much more than normal, while 
the nrc^a excretion was increased, this effect 1»eing )ir<Mlnce«l in the first 8 honrs after 
taking the quiiiin. 

(6) The effect of perspiring when the loss of moisture is made good by an increased 
consumption of water (see Nos. 611, 612, Table 9). The increased perspiration was 
bronght about by a hypodennic injection of pilocarpin. As much extra water was 
consumed as would satisfy thirst, viz, 500 cubic centimeters Tbe perspiration 
was not very great, although the subject remained in bed. An increased secretion of 
saliva wan observed, which began a very few minutes after tbe injection. There was 
an increaned secretion of tears and tracheal, or bronchial, dischArges. No marked 
effect on the urea excretion was observed. 



MUSCULAR EXERTION. 131 

(7) Th« effect of mnscnlar exertion on the metabolism of protein (Nos. 880-887). 
The exertion consisted in climbing a hill several times. When this was done so 
rapidly that the subject was out of breath, i. e., severe labor was performed, the 
excretion of nrea was increased. In the first experiment, where there was no severe 
work, it was not increased. The normal days between the experiments are also 
included in the table. On these days the nitrogen excretion remained quite coustant. 

In the pathological experiments no details or analyses of food or feces are given. 

In gtnieral, the experiments bear out the oonclnsions of other observers. 

Nos. 888-899 were made by North in 1882. The object was to study the effect 
of physical labor on the elimination of nitrogen. The investigator himself was the 
subject. The food consisted of meat dried and ground to a powder, dour, dried veg- 
tables, potatoes (Edwards' patent desiccated), and condensed milk. It was believed 
that with these articles a perfectly uniform diet could bo prepared. The nitrogen 
and ]>ho8phori(; acid in the food, urine, and feces were determiued. 

The diet was followed for 4 or 5 days before the experiments begun, in order to 
eliminate any nitrogen due to a previous diet. In No. 894 a fust of 24 hours was also 
included, in order to more nearly accomplish this end. ThuH there are 2 sets of values 
in the table, the figures in Nos. 894-896 including the day of fasting, and those in 
Nos. 897-899 representing the same period, omitting the day of fasting. In all the 
experiments the time was 9 to 12 days. At the middle of the period a definite 
amount of muscular work was performed, consisting of walking a known distance 
(30 to 47 miles) and carrying a known load (about 27 pounds). 

The conclusions reached agree in general with those <»f Parkes (Nos. 855-867), but 
it wan believed that the effect of severe labor on the nitrogen excretion is more imme- 
diate and more pronounced than Pnrkes's experiments show. The labor performed 
in his experiments was not sufficiently severe. 

The author believed that the storing up of nitrogen in the organism is the ''expres- 
sion of a tendency to ecouomizt^ resources." Unless the labor be very severe the 
excretion of phosphates is not increased. 

Nos. 900-929 were niiule by Zasietski at the University of St. Petersburg in 1885. 
The object was to investigate the influence of muscular work on the metabolism of 
nitrogen. Fifteen experiments are describe<l. The subjects were healthy perscttas. 
In most of the experiments a period of 2 or 3. days of absolute rest (lying down) 
was followed by several days of severe muscular exertion, which consisted of walk- 
ing from 9 a. m. to 9 p. m., with short intervals of rest. In several experiments the 
])eriods were reversed. Milk was the only food consumed. The nitrogen of the 
food, urine, and feces was determined by the Seegan method. 

The following conclusions were reached : In increased muscular exertion the nitro- 
gen metabolism was increased 4 to 18 x)er cent, or, on an average, 9 per cent. In 10 of 
the 15 tests the quantity of urine increased, on an average, 210 cubic centimeters daily. 
Increased muscular exertion did not exercise a definite influence on the assimilation 
of protein. In 10 cases the assimilation increased, on an average, 6.4 per cent ; in 4 
cases it decrease<i 0.5 per cent, and in 1 case it remained unchanged. The muscular 
exertion did not exercise a definite infiuence upon the amount of milk consumed in 
the above experimentn. 

Nos. 930-940 were made by Burlakov in St. Petersburg in 1888. The object was to 
investigate the influence of muscular work on the metabolism and assimilation of 
nitrogen. Five experiments are described. Each experiment included a preliminary 
period (2 to 3 days), a period of rest (4 days), and a period of work (4 days). Some 
of the experiments began with rest and ended with work, and in others the condi- 
tions were reversed. The work consisted of (1) wood chopping; (2) carrying heavy 
loads of water, wood, and the like ; (3) gymnastics (exercises with 10 t^ 15 pound 
dumb-bells), and (4) more or less extended walks. The work was performed several 
hours each day. The food consisted of a simple mixed diet. 

The nitrogen of the food, urine, and feces was determined by the Kjeldahl- Borodin 
method. 
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The author siiinfl ap his results as follows : Under the iufluence of moderate maA- 
cular work assimilation of nitrogenous substances increased from 1.2 to 8.7 per 
cent, or, on an average, 5.02 ]>er cont. This increane of assimilation was maintained 
also during the period of rest following the period of work. The assimilation was 
diminished at first during intensified work, when the subjects were unaccustomed 
to it. 

Under the infiuencc of muscular exertion the metaboliHm of nitrogen generally 
increased from 1.1 to 18.5 per cent, or, on an average, 12.2 per cent. There was no 
marked infiuence on the weight of the body. 

N<»8. 941-948 were ma<le by Argutinsky in the laboratory of the Physiological 
Institute in Bonn in 1889 ( 7). The object was to investigate the influence of mus- 
cular exertion on nitrogen metabolism. The investigator himself was the subject, 
ii^mo time before the experiment he had observed that for several days after a 
long walk the nitrogen in the urine was increased. These experiments were there- 
fore undertaken to investigate the matter. The food was most carefully prepared. 
It consisted of bread (zwic^back), meat, and condensed milk. In some cases rioe, 
butter, sugar, and ^'avenicia^' (a sort of oatmeal) were consumed also. The nitro- 
gen was determined by the Kjeldahl method in food, urine, and feces. The me^t 
(beef) was freed from all visible fat, chopped and mixed. Samples were taken for 
analyses. The muscular exertion which was performed in these experiments con- 
sisted of long walkH and mountain climbing. In No. 942 the distance covered was 
18 to 20 kilometers, and tho height climbed was 1,300 meters. In No. 945 the dis- 
tance walked was 18 to 20 kilometers, and the height climbed 1,600 meters. In No. 
947 the distance walked was about 12 kilomet<>r8, and the height climbed 1,300 
meters. The exercise increased the amount of nitrogen in the urine, and the efi*ect 
was observed for 2 flays afti^r the exercise. The author attributes this effect to the 
climbing, and not to the long walk. In No. 947 a large (juantity of sugar was con- 
sumed. ThiH did n(»t prevent the increased metaboliHm of nitrogen, although it was 
calculated that the amount of sugar consumed was twice as great as wasreipiired to 
furnish the necessary energy for the climbing. Further, the conclusion was reached 
that the extra amount of protein metabolized when the climbing was done (as indi- 
cated by the increased amount of nitrogen in the urin<') would account for 75 to 100 
per cent of the (energy actually expended. 

Thene experiments are considered to be additional pro<ifs of Pfiiigt^r^s theory that 
protein is the Hource of muscular energy. 

[The author left out of account tlie energy which is required for walking, i.e., 
'* forward ])rogression." This was pointed out by Paton (Nos. 965-969). An extended 
criticism of ArgutiiiHky's work was ma<le by Munk.^ His conclusion is that the 
results do not disprove the theory that energy is chietly produced by the metabolism 
of the nitrogen-free substances, and it is only when from some cause these are not 
furnished that the protein is metabolized. Some of Argutinsky's other assumptions 
are, according to Munk, not warranted. Tims, the extra amount of sugar consumed 
in No. 947 is not half sufficient to account for the energy of the exercise, including 
forward progression.] 

Nos. 949-959 were made by Hirschfeld at the chemical laboratory of the Physiolog- 
ical Institute of tlie University of Wiirzburg in 1887. The object was to investigate 
the infiuence of increased muscular exertion upon the metabolism of protein. Three 
experiments are described. The author himself was the subject. His food con- 
sisted of a mixed diet of meat, broad, butter, ]»otatoes, etc. The nitrogen in the food, 
urine, and feces was determined by the Kjeldahl method. In the first experiment 
(Nos. 919-952) the diet was rich in protein, and in the second and third experi- 
ments (Nos. 953-959) the amount of protein waH small. On 1 or 2 days of each experi- 
ment the subject took a rapid walk, wliich included climbing a hill 400 to 500 meters 
high. By this nevero muscular exertion the pulse was increased to 80 and the 



^ PfiUger'H Arch., 46 (1890), p. 563. 
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respiration to 48. On the other days the ordinary laboratory doty was the only 
work performed. 

The conclasion was reached that severe mnscnlar exertion produce<l no increase 
in the metabolism of nitrogen with a diet rich or poor in protein, provided the total 
quantity of nutrients was sufficient for the demands of the organism. 

Nos. 960-964 were made by Krummacher in the laboratory of the Physiological 
Institute at Bonn in 1890. The object was to investigate the influence of muscular 
exertion on nitrogen metabolism. The work is a continuation of that of Argutinsky 
(Nos. 941-948), and was intended to remove the objection that his results wore not 
normal, but might have been influenced by personal characteristics. The investi- 
gator himself was the subject. 

The foody which was very carefully prepared, consisted of meat, bread, milk, rice, 
wine, and pickled onions. Enough of each article was prepared to last through the 
whole experiment — 14 days. The fat was determined in the food, except in the 
bread. In this it was calculated. The nitrogen in the food, urine, and feces was 
determined. The experiment was divided into five periods. In three periods no 
work was done, nud in two periods the subject walked and climbed mountains. 
In the calculationH no attention is paid to the energy expended in walking. 

In No. 961 the subject climbed 1,137.7 meters. His weight was 68 kilograms. The 
work done was thi^refore estimated to be equal to 77,363.6 kilogrammeters or 182,000 
calorics. A gram of protein, according to Kabner, yields 4.2 calories. The above 
amount of muscular exertion would require, therefore, 43.33 grams of protein (or 
6.713 grams of nitrogen). In reality, 4.326 grams, or 64.4 per cent, more nitrogen was 
metabolized when work was performed than when no work was done. 

In No. 963 work was done on 2 days. The total height climbed was 2,403.79 meters. 
The weight of the subject being 67 kilograms; the work performed was estimated to 
equal 161,053.93 kilogrammeters, or 378,950 calories. This would require 90.23 grams 
of protein (or 13.99 grams of nitrogen;. In reality, 6.771 grams, or 48 per cent, more 
nitrogen was actually metabolized than when no work was performed. 

The agreement between the observed facts and Pfliiger's theory that protein is the 
source of muscular energy is not as close as in Argntinsky's work. 

[The same criticism which was made by Paton of Argntinsky's experiments applies 
to this work also, viz, that the very important matter of the energy used in walking 
(" forward progression") is left out of account entirely.] 

Nos. 965-969 were made by Paton in one of the laboratories of the Royal College of 
Physicians in Edinburgh in 1891. The object of the experiment was to investigate 
the effect of muscular labor on the metabolism of nitrogen. The subject was a me<l- 
ical student 5 feet 6 inches tall. He was in good health and had for several years 
been accustomed to a simple, more or less strictly vegetable, diet. 

The food was a simple mixed diet, consisting of soup made from beef and bone, 
oatmeal porridge, oatmeal biscuit, cocoa, butter, sugar, rice, stewed dried figs, and 
condensed milk. The nitrogen in each article was determined. Great care was used 
in the preparation of the food, when practicable a considerable quantity being pre- 
par(Mi and kept on ice. The fat and carbohydrates were determined, except in the 
oatmeal, the biscuits, and the figs. The energy was calculated with the aid of 
Rnbner's figures. 

The work performed consisted in raising a weight a definite number of times by 
means of a pulley. To this may be added the labor of walking to and from the 
laboratory and ascending some stairs. The work of raising the weight 140 times 
amounted to 15,220 kilogrammeters, and that of ascending the stairs to 1,050 kilo- 
grammeters. Using Znntz's' figures, the energy of walking was calculated to be 
21,076 kilogrammeters. The total was, tlierefore, 37,366 kilogrammeters. After per- 
forming the work the subject remained at home and kept as quiet as possible. 

The conclusion was reached that the increased metabolism of protein indicated by 



» Virchow's Arch., 121 (1890), p. 367. 
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the inereaaed excretion of nitrof^en woDld aeconni for 35 per cent of the work 
r>^nonri«tfl Jin<l that the protein did not yi«ld the icreater part of mnscnlar energy. 

The concln^ion in alxo reaches! that wh#'n the firsranism in a condition of compara- 
tf V*: reAt in called npon to perform a largely increaaed amonnt of work the protein 
and nonnitrof^enons const itneiit* ondert^o increased metabolism. In these experi- 
mentA tb'' amount of work wa^ modfrate, bnt lartse in comparison with the work 
d#vne lieforf and after — mnch larjrcr than in experiments previously recorded. 

[Th'- con^Inftionn do not a:n^* with those of Ar^tinsky (Nos. Ml-948). The prob- 
able r*raA/»n for this in that Aftnitinsky neglectofl the motion of ** forward profn'ossion," 
which mnfft have ralle^l for a lar^^e amonnt of mn^cnlar exertion.] 

It is notirwl that tlie increa^efl metabolisni of prot4*iu is not accompanied by the 
incr»-aned excrcti^in of nitrogen on the day work was done, bnt npon several snc- 
ce^-^linj; days. Thin in a point of int4-rcst as. in the author *s opinion, it inyalidati^s 
the classic work of Kick and Wislicenus. Tlii^ irn'resM^ in the excretion of nitro^n 
may 1h; due '' to a retardation of the excretion of the eAete nitrogen. Hut it strongly 
sngt;e«»ts the possibility that mnscnlar work may in some way modify the constructive 
or anal>oli<' eh.in(;e m> that the nitro>^enons part of the muscle substance is not again 
fully rebuilt into the Htrm-turc of the molecule, but is allowed to esc4ipe and to 
nmlerjro subneijuent retrojn'wwive rhnu{;cs in the liver." 

Nos. 1»70-!*I*9 were ma«le by Tunine in St. Petersburg in 1M94. The object was to 
study tlie influence of horseback riding on the metalMdism and assimilation of 
nitrogen in healthy men. The Hubjects were Mildiern <if a battery of artillery guards, 
eomjKrited of horsemen and infantry, S of whom wen- recruits who bad never ridden 
borseliack and 7 were old soldiers. The HubjcN-ts were divided into 5 grou]»8, 3 of 
which consisted of recmits and 2 of old soldiers. Fifteen experiments arc deMcril)ed, 
each divideil into a riding period and a re^t ]ieri<Ki of 5 days. The recmits 1>egan 
with thi- rest perio<l and the old Mddiers with the riding i>eriod. The riding exer- 
cises t4H>k place in the riding lioiise, and continued from 1 to .*) hours a day. 

The fooii consisted of a mixed diet. Tlie nitrogen of the food, urine,, and feces was 
detennin«.»d by the Kjeldahl-Bonxlin m«'thod. 

The author's conclnsions were a< follows: The assimilation of the protein of the 
fowl decreased under the intluencc of horseback riding from 1 to s per cent, or an 
average of 'A.^ per crnt. Th«* metabolism of the i»rotein increased from 2 to 37 i>or 
cent, or an average of 1.5 per cent, and th<' <]iiality of the metabolism improved. 
During the ]»eriod of horseback riding the weight of the bmly decreased, the(|nantity 
of urine deerciised cm au average 1,17!) cubic centimeters, and the ((uantity of feces 
increased (>70. t grams. 

N'os. 1000-lOIH were made by Kmmmacher at the Physiological Institute in Munich 
in WKi, The object was to inv(>stigate the influence of muscular work upon the 
cleavage of ]»i-otein. The subjects were the investigat4)r himself and a laboratory 
servant. The food consisted of a mixed diet of rice, meat, milk, etc. The nitro- 
gen in the food, urine, and feces was detcrniined, and also the fat in the food. The 
carboliydratt^H in the food were calculated from earlier analys«>s, with the excep- 
tion of tli<> beer, and in this the extractive material was determined and assumed to 
be carbohydrates. The Kjeldahl method was used for determining the nitrogen in 
the food and feces, and s(mietiines in the urine, though the Schneider-Seegen method 
was more usual for the last determination. The separation of the feces was made 
with lampblack. In each ex])erinient on one day a considerable amount of work was 
done, which consisted in turning the arm of a dynamometer of special constrnction. 

The conclusion was reached that muscular work causes an increased cleavage 
of prot<'in. This increase is less as the ratio of nitrogen-free material to protein 
in the f(H>d increases and is not directly connecte<l with the amount of work per- 
formed. The author agrees with Voit in the opinion that usually work does not 
directly ]»roduce a greater breaking down of protein, but that an increase in 
thf; prot4;in cleavage is caused by the increiised combustion of the nitrogen-free 
matcriain which protect protc'iu. If it were possible during the i>eriod of work to 
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contlnnoosly supply the cells with a sufficient amount of uitrogen-£rce material, 
then there would be no increase in the quantity of protein broken down. But this 
is a very difficult matter. The after effect of muscular labor has been noticed by a 
number of investigators. In the author's opinion, this effect is not due to the con- 
tinned excretion of nitrogenous cleavage pro<lucts, but to the fact that the nitrogen- 
free materials in the body were used up and that it takes some time to provide the 
body with a new supply. The author believes that under certain conditions it is 
possible for protein alone to be the source of muscular energy. 

The subject is discussed from an historical and critical standpoint at considerable 
length. 

N(m. 1014-1040^ were made by Zavadovski in St. Petersburg in 1892. The object 
was to investigate the influence of a special breathing exercise upon the metabolism 
and assimilation of nitrogen in healthy subjects. The subjects were 8 hospital 
servants and a nurse. All the experiments were of 15 days' duration and were 
divided into 3 equal x>^riods. The breathing exercise was practiced in the sec- 
ond ])eriod. It consisted of taking very deep breaths and expiring the air slowly. 
The exercise was ]>erformed as follows: The subjects stood in a row a few feet apart, 
the hands were placed on the ilium, and at a given signal the inspiration was begun. 
When the lungs were fully inflated a short pause was made and at another signal 
the expiration was commenced. The inspiration and the expiration each lasted 
about 5 seconds, and the pause between them was 3 or 4 seconds. There was also a 
pause of 3 or 4 seconds between each respiration. After 10 or 15 such inspirations a 
rest of 5 or 10 minutes was allowed. In every case the subjects were recjuired to 
breathe through the nose. The breathing exercise was carried on from 9 to 10 
o'clock in the morning, and from 12 to 2 and from 4 to 6 in the afternoon. At flrnt 
the number of such respirations was 120 daily. The number was increased 15 or 20 
each day, so that on the flfth day the number was about 200. 

The food consisted of a mixed diet. . The nitrogen in the food, urine, and feces was 
determined by the Kjeldahl-Borodin method. 

The following conclusions were reached: The special breathing exercise practiced 
in these experiments increased the assimilation of nitrogen, and the increaHo was 
still noticed in the period following that with the breathing exercise. The metab- 
olism of nitrogen was also increased, but the increase was dependent upon the 
quantity of fat in the food and on some other special features. Qualitatively the 
metabolism of nitrogen improved ; that is, the ratio of incompletely oxidized products 
to nitrogen of urea decreased. The subjects gained somewhat in weight. 

EXPERIMENTS TO DETERMINE THE EFFECT OF MASSAGE AND FARA- 
DIZATION. 

In Table 11 are included 40 tests with men and 3 with children, in 
which the subjects received massage or faradization. Massage may 
perhaps be regarded as involuntary muscular exercise, and these 
experiments are connected with those in Table 9. 

The massage was applied in accordance with the recognized methods. 
Although massage is often recommended as a therapeutic measure, the 
number of experiments on this subject is not large. 

'These experiments were included with those in which the influence of muscular 
work on the excretion of nitrogen was studied, because the breathing exercise prac- 
ticed seemed similar to the labored breathing produced by severe muscular work, and, 
according to Zuntz (Experiment Station Record, 7, p. 549), it is only when breath- 
ing becomes labored that muscular exercise causes an increase in the metabolism of 
protein. 
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No6. 1041-1052 were made hj Qopadze in St. Petersbnrg in 1886. 

The author studied the influence of massage on the metabolism of nitrogen and the 
assimilation of protein, and its effects on the pulse, respiration, temperature and 
the weight of the body, and the quantities and consistency of the feces. All the 
subjects were healthy medical students. 

Four series of experiments are described. Each experiment was divided into three 
periods of 7 days each. In the iirst experiment the last period was limited to 
5 days in consequence of diarrhea. The food was uniform in all cases and con- 
sisted of white bread, milk, broth, veal, and roast beef, besides 2 to 3 cups of 
tea morning and evening. The determination of the nitrogen of the food, feces, and 
urine was made by the Rjeldahl-Borodin method. The feoes were separated by 
means of stewed blackberries. Each subject was weighed once in the morning after 
urinating and before taking food, and once in the evening after the last meal and 
after urinating. 

During the second period massage was applied for 20 to 25 minutes each day 2 or 3 
hours after breakfast or 3 hours after dinner. The massage consisted of stroking 
(effleurage)^ friction, kneading (petrissage), and pounding (topotement). The whole 
body except the head and neck was subjected to this treatment. 

The author sums up the results of his experiments as follows : 

Under the influence of massage the appetite increased considerably in all four 
cases, and the intensified appetite continued during the period following massage. 
The metabolism of nitrogen was intensifled in all cases. 

The lissimilation of the nitrogenous constituents of the food improved under the 
mfluence of massage in all cases, notwithstanding the increased quantities of food 
taken. The improved assimilation continued in the third period, though in a less 
degree. The inconsiderable improvement of assimilation in No. 1048 is accounted 
for bv diarrhea. 

The subjects of Nos. 1044-1046 and 1050-1052 increased in weight, and the subjects 
of Nos. 1041-1043 and 1047-1049 decreased in weight, in the massage period. In the 
third period all the subjects increased in weight. 

Nos. 1053-1056 were made by Walter in St. Petersburg in 1887. The object was to 
study the influence of faradization in the region of the liver on the metabolism 
of nitrogen and its excretion in the urine. The subject of the first experiment was 
Rufliering from an enlarged liver, the cause of which was not quite clear, and the 
subject of the second had a hypertrophic affection of the liver. Both experiments 
lasted 6 days, and were divided into two equal periods. In the second x>eriod fara- 
dization treatment was employed. 

The farsidization was carried on by Sigrist's method — that is, one electrode was 
placed on the pit of the stomach and the other at different points in the region of 
the liver. The application was made for 15 minutes twice a <lay. 

The food consisted of a mixed diet. The nitrogen in the food, urine, and feces 
was determined by the Ejeldahl-Borodin method. 

The author concluded that faradization of the region of the liver caused a slight 
increase in the amount of nitrogen excreted in the urine. 

Nos. 1057-1080 were made by Kianovsky in St. Petersbnrg in 1889. The object was 
to study the influence of abdominal massage on the assimilation and metabolism of 
nitrogen. The influence of abdominal massage on the assimilation of fats was 
observed in several cases. Some experiments consisted of two and some of three 
periods. In every case massage was applied in the second period. Nearly all 
periods lasted 6 days. The subjects were all healthy persons — 8 medical students 
and the author. The food consisted of milk, beef tea, roasted meat, bread, jelly, 
etc. The jelly was made from blueberries. Between 10 and 11 a. m. the subjects 
took tea; at 12 to 1 p. m. breakfast, consisting of milk, bread, butter, and meat; at 
3 to 5 p. m., dinner; and from 8 to 11, tea. Abdominal massage was applied betweon 
11 and 12 o'clock, and in two experiments about 5 hours after dinner also. 
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Tbf* nitrogen of the food, nrinf, and feCM wm detfrmmt^ by the Kjeldahl-Borodin 
method. 

The anthor gnmtt np the resnlts of hui experimenta as follows: 

Und#rr thf! inflnence of abdominal maMage the aasimilation of the nitrogenoiis 
eonatitaentA of th^) foo<l improved in every caee from 1.4 to 5.76 pf^r cent. In the 
perimi after maesage the aasimilation of nitrogen continued to improve in only one 
eaHe (No. 1065); in thrre other caned (Noe. 1069, 1062, and 106><) it somewhat deterio- 
rated an conipareil witli thf; maeeage period, bnt remains improved a<« oompared with 
the ante-massage pericKl. The assimilation of fat8*improv<Ml dnring the massage 
periml. The metabolism of nitrogen increaM^i from 0.6 to 10.9 per cent. The appe- 
tite of almost all the subjects improved. Notwithstanding the increase of the metab- 
olism of nitrogen, many of the snbjects gradually increased in weight. Aftttr each 
massage treatment the subjects hail a feeling of lassitude and drowsiness. 

Nos. lOHl'lO^ were made by Bendix at the laboratory of the department of animal 
physiology of the Royal Agricnltural Institute in Berlin in 1894(f). The subject 
was a boy 2^ years old. The object was to oliserve the effect of massage on metab- 
olism. The experiment was divideil into four periods, three of which are included 
in this table. Massage was applied in the second period. The metho<l of massage 
was not stat«Ml. The food consisted of sterilized milk, chocolate, white bread, and 
apple jelly. The nitrogen and fat in the food and feces, and the nitrogen in the 
nrine, were determined. The carbohydrates in the food were calculated. 

In the fourth period (6 days) the same amount of nitrogen as in the other peritnls 
was eonsiimed daily and 4.8 grams was excreted in the urine. No analysis of feres 
for this period is reported. The anthor made two other experiments in which anal- 
yses of feces are not reported. The subject of the first test was a man 26 years 
old. Tlie test was divided into two perio<ls of 6 and 3 days, with mtissage in the 
second ]>eriod. During the whole test a uiixe<l diet was coiisume<l which famished 
16.5 gnims of nitrogen daily. Before massage the urine contained on an average 11.6 
grams of nitrogen and during the massage perio<l 12.7 grams. The second test was 
maile with a woman 25 years old and was divided into five periods, the first thrc;> 
and the la^t period of 4 days' duration and the fourth of 9 days. The 8ubje<*t 
was massaged in the second and fourth periods. A mixe<l diet uniform through- 
out the test w:is eonsiinied whieh furnished 15.3 grams of nitrogen daily. The 
average daily excretion of nitrogen in the urine in the different ]>eriod8 was 12.0, 
13.7, 13.2, 13.5, and 12.6 grams, respectively. 

The con<^liision was reache<l that massage increases the amount of urine and the 
excretion of nitrogen in the urine. These results wen* noticeable for several days 
after the end of the massage period. 

EXPERIMENTS TO DETERMINE THE EFFECT OF BATHS AND ENEMAS. 

In Tabl(^ 12 are included 270 tests with men and 12 with children, in 
which baths of various sorts were given to subjects living under more 
or less normal conditions, and 24 experiments in which the subjects 
were given enemas. The baths were of various sorts— cold baths, 
douches, baths in natural or artificially prepared mineral water, and 
Russian baths. In several cases they were accompanied bj' rubbing or 
massage. A number of tests were also made with mu<l baths and sand 
baths. In many instances the treatment was such as to induce copious 
perspiration. This was tnie of the hot-air bath. Other experiments 
with diseased subjects, in which baths of various sorts were given, will 
be found in Tables 17-22. Experiments of a similar nature with dogs 
will be found in Table 29 (Nos. 2056-2062). 
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Nos. 1084-1095 were made by Frantzius in St. Petersburg in 1886. The object was 
to stady the iutluence of fresh- water baths and the mineral baths of Staraia- 
Rnssa on tlio metabolism and assimilation of nitrogen. The subjects were 4 healthy 
boys. In general , each experiment consisted of three i>eriods, (1) without baths, (2) 
with salt baths of 35^ C, and (3) with fresh-water baths of the same temperature. 
The baths lasted half an hour. On Sundays they were omitted. The mineral 
spring of Staraia-Russa yields an alkaline salt water of medium concentration. An 
analysis in 1881 showed the following composition : In 1,000 grams there were 19.380 
griims total solids, consisting of 13.332 grams sodium chlorid (NaCl), 1.901 'grams 
calcium chlorid (CaCl^), 1.769 grams magnesium chlorid (MgCL), 0.301 grams potas- 
sium chlorid (KCl), 0.070 grams calcium and magnesium bicarbonate, 0.31 grams 
ferric oxid (Fe^Oa), 0.019 grams bromin compounds, and 1.961 grams gypsum (MgSOO. 
The specific gravity of the water was 1.016 at 15^ C, and the reaction neutral. One 
thousand grams of water also contained 1.12 grams hydrogen sulphid (H2S), 0.08 
g^ams oxygen, and 0.42 grams nitrogen. 

The food consisted of a mixed diet. The nitrogen of the food, urine, and feces was 
determined by the Kjeldahl- Borodin method. 

The author drew the following conclusions : Under the influence of warm mineral 
baths the metabolism and assimilation of nitrogen improved. Under the influence 
of fresh- water baths no marked effect on the metabolism of nitrogen was observed, 
but in most cases the assimilation of nitrogen improved. The increase in weight of 
the children was greater under the influence of mineral baths than of fresh-wat-er 
baths of the same temperature. The increase of weight was not directly dependent 
upon the storing up of protein in the organism. 

Nos. 1096-1107 were made by Feit in St. Petersburg in 1887. The object was to 
study the influence of cold, wet rubbing on the metabolism and assimilation of 
nitrogen. The subjects were 4 healthy students. Each experiment lasted 21 days, and 
was divided into three periods of 7 days each. In the first period the conditious 
were normal, in the second period variations in metabolism and assimilatitm of 
nitrogen under the influence of friction were observed, and in the third period the 
after effects of the special friction treatment were studied. 

The rubbing was done with rough cloths according to Winternltz's directions. 
The subjects were wrapped in the rough cloths and rubbed for 2 or 3 minutes until 
the skin showed some redness. They were then wrapped up i|i blankets wrung out of 
cold water and rubbed. This treatment was applied in order to bring about an 
expansion of the blood vessels of the skin, which would attract more blood and 
produce more heat at the surface of the body. The temperature of the room and of 
the water in which the blanket was wet was recorded. The weights of the dry and 
wet blankets were also determined, so that the amount of water in the blankets 
could be calculated. Inmiediately after the rubbing the subject was placed in bed. 

The food consisted of a simple mixed diet. The nitrogen of the food, urine, and 
feces was determined by the Kjeldahl* Borodin method. 

The author gives the following conclusions : Under the influence of the special 
treatment the metabolism and assimilation of nitrogen increased in all cases. The 
appetite increased in three cases, but decreased in one case 

Nos. 1108-1137. Three series of experiments were made by Evdokimov in St. Peters- 
burg in 1887. The object was to study the influence of profuse perspiring on metab- 
olism. The first series consisted of five experiments with healthy subjects. In this 
series the nitrogen of extractives was determined by taking the difference between the 
total nitrogen of the urine and the nitrogen of the urea (according to L<^pine's direc- 
tions). The second series consisted of three experiments with healthy subjects. The 
determination of the nitrogen of the iu*ea was made after precipitating the extract- 
ives with phosphomolybdic acid (according to Thudichum) and Chavane and 
Kichet's reagent. The third series consisted of two experiments with nephritic 
patients. 

The subjects of the first series (Nos. 1108-1122) were soldiers. lu order to obtain 
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more comparable results the diet of theso subjects was the saine as that of the uo* 
phrltic subjects (1129-1137). It consisted of milk, bread, aud tea. Each experiment 
lasted 7 days. On the fourth and Afth days profuse sweating was induced by inclos- 
ing the subject in a rubber bag which covered him up to the neck. A blanket was 
wrapped around the rubber bag. The sweating lasted for 1^ to 2 hours. The sub- 
ject was then dried off and weighed. The perspiration was squeezed out from the 
bag into a glass cylinder and by repeating filtration (four times) freed from the 
Huspeuded dirt, epidermis, etc. The quantity of perspiration varied in the healthy 
men in the timt series from 215 to 655 cubic centimeters, in the second series from 62 
to 142 cubic c<^ntimeter8, and in the third series (nephritic subjects) from 116 to 288 
cubic centimeters. The 7 days of observation were preceded by a preliminary period 
of 4 to 7 days during which the subjects became accustomed to the milk diet. On 
the first day of the preliminary test each subject took a bath. On the days of 
sweating the subjects took a bath of 4(F C. and 20 minutes' duration in the morning 
before taking food. Immediately before the bath the subjects were weighed, and 
again after it, having iirst rubbed dry. 

The nitrogen of the food, urine, feces, and perspiration was determined by the 
I^eldahl- Borodin method. 

More protein was digested during the sweating period, and loss in the f(dlowing 
period, not only as compared with the period of sweating but also with the preced- 
ing period. The quantity of nitrogen excretiHl decreased in most cases on the days 
of sweating or during the following period. The qualitative nietaboliHm improved 
either in the period of sweating or in the following period, but frequently it was not 
paralleled with the quantitative improvement of the metabolism. The quantity of 
nitrogen found in the perspiration was so insignificant that it can be neglected in the 
study of the metal>olism of nitrogen. 

The results obtained in the second series are similar to those of the jirevious series 
with this difference that, owing to a more exact determination of the nitrogen of the 
urea, the changes in the different periods of observation wen) nion* marked than 
before. 

In the third series the nitrogen of the albumen in the urine was also determined. 
This was done by determining the total nitrogen of the urine including albumen and 
the nitrogen of the urine after removing the albumen by Ludwig's method. The 
difference was taken as the nitrogen of the albumen. 

The author sums up the result of the three series as follows: Under the influence 
of sweating more protein was digested and the metabolism of nitrogen increased 
qualitatively and quantitatively. 

The metabolism of nitrogen in the ne])hritic subjects was lower in (piality and 
quantity than in healthy persons. The urine contained more urea and loss extract- 
ives. The amount of nitrogen in the perspiration was so insignificant in both nephritic 
patients and healthy persons that it need not be taken into consideration. 

Nos. 1138-1143 were made by Sigrist at the therapeutic clinic in St. Petersburg in 
1887 with healthy subjects. The object was to study the influence of thermally 
indifi'erent, fresh, and salt-alkali baths on the metal>olism and assimilation of nitro- 
gen. The plan was to divide each experiment into three periodH — the first without 
baths, the second with fresh-water baths, and the third with salt-alkali baths. 
Only two experiments were sucoessfiilly carried through from beginning to end. 
The temperature of the baths was 35^ C, and each bath laeted iO minutes. The 
salt-alkali baths were made by adding to the water common salt and potash iu 
quantities corresponding to those contained in the ''Essentuki No. 17" mineral 
spring. (See Nos. 744-755, Table 10.) 

The author sums up his results as follows : Thermally indif!'erent fresh- water baths 
and also weak salt-alkali baths at first increased the metabolism of nitrogen. Later 
it again became about normal. The effect was slight in both ciises. The influence 
of both kinds of liaths on the {issimilation of nitrogen was so insignificant that a 
definite conclusion could not be drawn. 
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No8. 1144-1161 were made by Garine in St. Petersbiirg in 1887. The object was to 
stody the influence of hot-air baths on the assimilation and metabolism of nitrogen 
in healthy subjects and subjects suffering from nephritis. Four experiments were 
made with healthy subjects and two with subjects suffering from chronic nephritis. 
The experiments usually lasted 15 days and were divided into three equal periods. 
In the second ]>eriod hot-air baths were taken. The apparatus used for the bath 
consisted of a box 133 by 111 by 64 centimeters, in the cover of which was an open- 
ing for the head of the subject. The box contained a seat and was heated by means 
of a gas-burner. The bath was taken between 3 and 6 o'clock in the afternoon and 
lasted from 15 to 35 minutes. The temperature of the bath, as shown by a ther- 
mometer in the top, was 40 to 60^ C, and by a thermometer in the side of the box 
56 to 72.5^. After the bath the healthy subjects were wrapped up in woolen blank- 
ets for half an hour, and the diseased subjects for an hour or more. 

The food consisted of a mixed diet. The nitrogen in the food, urine, and feces 
was determined by the Kjeldahl-Borodin method. 

The following conclusions were reached : Hot-air baths, or, in other words, per- 
spiration induced by a high temperature, improved the assimilation of nitrogen in 
all the subjects. In the case of healthy subjects the increase was noticeable in the 
third period also, though it was less than in the second period. The metabolism of 
nitrogen — that is, the ratio of nitrogen in the urine to assimilated nitrogen — was 
considerably increased in both the healthy and diseased subjects. The increase 
in the former case was noticeable in the third period, though it was less than in the 
second, and in the latter case it was considerably greater in the third period than 
in the second. The after effect of the baths was considerably greater in the case 
of the diseased subjects. Both the healthy and diseased subjects lost weight during 
the bath period, though the loss was usually made good in the third period. 

Nos. 1162-1185 were made by Blagoveschchenski in St. Petersburg in 1888. The 
object was to study the influence of cold affusions on the metabolism and assimila- 
tion of nitrogen. The subjects were 8 healthy convicts confined in the St. Peters- 
burg civil prison. The experiments were divided into three periods, the first and 
third under normal conditions, and the second with cold affusions. The affusions, 
which were made twice a day (at 7 in the morning and 6 in the evening), lasted a 
little over a minute. They were carried out as follows : The subject stood in a bath 
tub and 40 liters of water of the desired temperature was poured over the entire 
body, beginning at the head. 

Since the regular prison food was insufficient for nutrition and difficult to analyze 
it was replaced by a diet consisting of bread, meat, butter, milk, etc. The subjects 
were allowed this food for 5 or 10 days before the test proper to accustom them to 
the new diet. During this time no analyses were made. The nitrogen of the food, 
urine, and feces was determined by the Kjeldahl- Borodin method. 

The author sums up his results briefly as follows: Cold affusions increased the 
metabolism and assimilation of nitrogen, and decreased the quantity of the nitrogen 
retained in the body; they improved the appetite, induced restful sleep, and im- 
proved the general condition. 

Nos. 1186-1200 were made by Makovetski in St. Petersburg in 1888. The object was 
to observe the influence of Russian steam baths on the metabolism and assimilation 
of nitrogen, and on the assimilation of fats in healthy subjects. The subjects were 

4 medical students and a physician, and were all healthy, except the subject of Nos. 
1189-1191. Each experiment was divided into three periods, the first and second of 

5 days' and the third of 2 days' duration. In the second period steam baths were 
taken. The steam bath at the Military Clinical Hospital was used. The arrange- 
ment of the bath is described as follows : It consists of an anteroom, a soaping room, 
and a steaming room. A considerable portion of the latter is taken up by a stove 
and a ''sweating loft.'' On entering the soaping room the subject has 3 or 4 bucket'- 
Ms of water poured over him and is then required to lie down for 10 minutes in the 
steaming room. He then returns to the soaping room, washes himself thoroughly, 
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No8. 1219-1257 were made by Aristov iu St. Petersburg in 1889. The object was 
to study the assimilation of protein when enemas were given. The subjects were 
soldiers^ either in active service or retired. Several of them were suffering from 
chronic constipation ; the others were in normal health. Fourteen experiments were 
made, 11 of which were divided into three periods each; a period with enemas, pro- 
ceded and followed by a period under normal conditions. In 3 experiments the last 
period was omitted. 

The food consisted of a simple mixed diet. The nitrogen in the food, urine, and 
feces was determined by the Kjeldahl- Borodin method. 

The enemas were given twice a day, at 8 a. m. and 6 p. ni., and a liter of water was 
used each time. 

The following conclusions were reached : During the enema period the assimila- 
tion of nitrogen by the subjects affected with constipation was less than during the 
first period, but became normal during the third period. 

The assimilation of nitrogen by the subjects in normal health usually increased 
during the enema period as compared with tlie normal periods. During the third 
period it decreased in 4 cases and increased in 2 cases. 

During the enema period the excretion of urea increased in all the subjects, and 
especially those affected with constipation. 

Nos. 1258-1272 were made by Zavadski in St. Petersburg in 1890. The object was 
to study the influence of tepid baths on the metabolism and assimilation of nitrogen 
in healthy persons. The subjects were healthy young men. Five experiments were 
made, each being divided into three periods of four days. During the second period 
of ail the experiments tepid baths were taken. In the first three experiments one- 
half-hour bath of 35^ C. was taken daily, and in the others two baths were taken 
daily. Immediately on leaving the bath a sheet was thrown over the subject to dry 
him, but all rubbing was avoided. 

The food consisted of bread, meat, bouillon, and tea. The nitrogen of the food, 
urine, and feces was determined by the Kjeldahl-Borodin method. 

The author's conclnsioua were as follows: Under the infiuence of tepid baths the 
assimilation of the nitrogenous substances of the food by healthy men increases, 
the weight of the body increases, and the metabolism of nitrogen increases qualita- 
tively as well as quantitatively. The infiuence of tepid baths on the losses through 
the skin and lungs and on the excretion of urine is not proportional, i. e., when the 
losses by the skin and lungs increase the quantity of urine excreted diminishes, and 
vice versa. 

Noe. 1273-1287 were made by Nechayev in St. Petersburg in 1890. The object was 
to study the influence of salt baths on the metabolism and assimilation of nitrogen 
in healthy subjects. Five experiments are described, each of 12 days' duration, 
divided into three equal periods. Salt baths were taken during the second period. 
The baths were prepared by adding sufficient salt to 198 liters of water at 35^ C. to 
make a 1 per cent solution. The subjects remained in the bath about half an hour 
and dried themselves lightly without rinsing off the salt water. The food consisted 
of a mixed diet. The nitrogen in the food, urine, and feces was determined by the 
Kjeldahl-Borodin method. 

The following conclusions were reached : The salt baths increased the assimilation 
of nitrogen in the second period, and in the third period the increase became still 
more pronounced. The qualitative and quantitative metabolism of nitrogen was 
increased, and in most cases the quantitative increase was greater in the third than 
in the second period. In the majority of cases the subjects decreased iu weight. 

Nos. 1288-1311 were made by Voskresenski at St. Petersburg in 1891. The object 
was to study the influence of aromatic baths on the metabolism and assimilation of 
nitrogen in healthy persons. Eight experiments with healthy men are described. 
Each experiment wus divided into three periods of 4 days each. During the second 
period aromatic baths were taken. The bath was prepared by pouring warm water 
(35^ C.) over 358 grams of e((ual piirts of camomile flowers, lavender flowers, mint 
leaves, rosemary leaves, snake root, and calamus root. 
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These aromatic Habstances were placed iu a bag, which remained in the water during 
the bath, being frequently squeezed. In Nos. 1300-1311 the surface of the water was 
covered with linseed oil to prevent the inhalation of the aromatic vapor. This was 
done in order to compare the effect of the aromatic substances when absorbed through 
the skin and when the vapor was also inhaled. 

The food consisted of a mixed diet. The nitrogen in the food, urine, and feces was 
determined by the KJ el dahl- Borodin method. 

The following conclusions were reached: When the surface of the water was not 
covered with oil the aromatic bath increased the assimilation of nitrogen during the 
bath period, and in most cases for some time afterwards. During the bath period the 
metabolism of nitrogen was lowered, but became practically normal in the period 
after the bath. The qualitative metabolism of nitrogen was improved ; that is, the 
ratio of the nitrogen of the incompletely oxidized substances of the urine to that of 
nitrogen of urea diminished. 

When the surface of the water was covered with oil, aromatic baths diminished the 
assimilation of nitrogen, the metabolism of nitrogen was increased, and the increase 
was observed in the period after the bath. The qualitative metabolism of nitrogen 
was improved. 

Nos. 1312-1329 were made by Velitchkine in St. Petersburg in 1891. The object 
was to study the influence of hot-air baths on the metabolism and assimilation of 
nitrogen and on the losses through the skin and lungs of healthy subjectn. 8ix 
experiments are described. They were each of 15 days' duration, divided into three 
equal periods. In the second period hot-air baths were taken. The apparatus for 
the hot-air bath consisted of a wooden box 132 centimeters high, 70.4 centimetiTS 
wide, and 101.2 centimeters long. Its capacity was about 1 cubic meter. There was 
an opening in the cover for the head of the subject. The walls of the box were thick 
and lined with sheet iron. Inside the box there was a seat. The bath was heated 
by means of alcohol lamps. When the subject iirst cntc^red the bath the temperature 
was increased to 40^ C. and kept at that tenipeniture for about 20 to 25 minutes aud 
then increased. As long as the temperature remained ni\der 60^ C. the subjects expe- 
rienced agreeable sensations and the pulse gradually became more rapid. At 60^ 
the beating of the heart became more violent, the temples began to throb, perspira- 
tion was very profuse, and breathing became labored. At 70"^ respiration became 
frequent and the subjects experienced a sensation of shortness of breath and lack of 
air. They were thirsty and their mouths were dry. Small pieces of ice were taken 
for quenching the thirst. The face became red, the head perspired freely, and a ring- 
ing in the ears was noticed. Finally, when the temperature reached 80^, some of the 
subjects experienced slight nausea and vertigo. 

The food consisted of a simple mixed diet. The nitrogen in the food, urine, and 
feces was determined by the Kjeldahl-Borodin method. 

The author draws the following conclusions: The assimilation of nitrogen was 
greater in the bath period than in the first period. During the third period the 
assimilation of nitrogen was also greater than in the first period, although less than 
during the second. The metabolism of nitrogen increased in the bath period in all 
cases and decreased in the third period in 4 cases. The amount of urea excreted 
increased during the bath period, and the increase was still observed in the third 
period. During the bath period the quantity of feces diminished in 5 cases. 

Nos. 1330-1345. An experiment was made by Kostlin at the medical institute of 
the University at Halle in 1892 to study the influence of warm salt baths on the 
metabolism of protein. This is included in Nos. 1330-1338. The observer himself 
was the subject. The food consisted of a mixed diet. A considerable quantity of 
meat was purchased at a time and the connective tissue, etc., removed as far as pos- 
sible. It is not stated that the (composition of the food was determined. The infer- 
ence is that it was calculated. The nitrogen in the urine was determined by the 
Kjeldahl method. The nitrogen in the feces was added by the compilers from the 
average of Makovetski's experiments (Nos. 1186-1200), in which the food consisted of 
a mixed diet and contained about the same amount of nitrogen. 
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The experiment lasted 23 days. On several days warm salt baths (34-35*^ C.) were 
taken. Tlie subjt^ct remained in the bath an hour or an hoar and a quarter. The 
bath wna prepared by adding sufficient "Stassfurt bath salf to make a 4 per cent 
Bolntion. 

Control experiments (Nos. 1339-1345) are reported by the author which were made 
by Klingmuller and Peiser in which they themselves were the subjects. In reiser's 
experiment the amount of nitrogen in the food is not stated and the results are not 
included in the table. The inference is that it was the same as in the other tests. 
On two days before the salt bath was taken 14.4 grams of nitrogen was excreted 
in the urine, and on the day the bath was taken only 13.1 grams. 

From all these experiments the conclusion wa8 reached that warm salt baths 
diminished the excretion of nitrogen in the urine. 

Nos. 13tt>-1354 were made by Formanek at the UniTersity of Prague in 1892 (f) 
to determine whether warm baths had any influence on the metabolism of nitrogen. 
The experiments were of 12 to 14 days' duration, and each was divided into three 
periods. In the second period warm baths were taken. The baths were of several 
kinds; for instance, in No. 1347 the subject took an air bath (81^ C.) of 20 minutes' 
duration, followed by a steam bath (51^ C.) of 15 minutes* duration and a shower 
bath with lukewarm water. The subjects were the investigator and 2 other young 
medical students. The food was a comparatively simple mixed diet which included 
meat, Emmenthaler cheese, bread, et<!. The nitrogen in food, urine, and feces was 
determined. 

The conclusion was reached that the continued use of warm baths increased the 
amount of metabolized nitrogen. This effect was not noticed unless the baths were 
taken more than 1 day. 

Nos. 1355-1357 and Nos. 1702-1714, Table 17, were made by TroTtsky in 1892 at the 
military hospital located at the '*moor baths" of Ssaki in the Crimea. The object 
was to study the influence of the moor baths upon metabolism. Ssaki is a small 
Taiiiar village a short distance from the towns of Eupatoria and Simferopol. A por- 
tion of the Black Sea was cut oiF from the rest by the formation of a sand bar. The 
salt water in the small lake thus formed became more concentrated, and dissolved 
organic and inorganic substances from the soil. These in some cases united with the 
salts present in the water and formed new chemical compounds. The result is a 
'* brine*' (Seerapp)^ which is of verj' difl'erent composition from the sea water. A 
moor has gradually formed in this salt lake. The soil of the moor when wet is black 
and sticky, having the appearance of shoemakers' wax. When dry, however, it looks 
like the other soil of the region. The following analyses of the moor water and soil 
were made by Professor Fleck, of Dresden, in 1876 : 

CampoHiion of Saaki moor water. 
(Specific gravity at 18*^ C.=1.191.) 

[In 1,000 grains water.] 

Grams. 

Sodium r 61.586 

Magnesium 14. 881 

Chlorin 130.725 

Biomin 0.146 

Sulphuric acid 10. 920 

Hydrogen sulphid 0. 004 

Organic matter 0. 697 

Sulphur, potassium, and lithium Traces. 

In 1,000 grams of water there were 221.47 grams of dry matter made up of sodium 
cblorid 156.64 grams, magnesium chlorid 47.96 grams, magnesium bromid 0.17 gram, 
magnesium sulphid 14.02 grams, and calcium sulphid 2.68 grams. 
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The composition of the total soil and the soluble and insoluble portions were 
follows: 

Compoaitum of Ssaki moor §oiL 

Total soil : Per cent. 

Water 26.64 

Silica 31.30 

Aluminum oxid 13. 14 

Calcium 8. 81 

Magnesium 0. 64 

Sodium 1. 98 

Iron 1.18 

Cblorin 3.06 

Carbon dioxid 3.90 

Sulphuric acid *. 5. 10 

Sulphur '. 1.23 

Soluble portion : 

Calcium sulphid 6.50 

Magnesium sulphid 1.92 

Sodium cblorid 5. 05 

Water 24.64 

Hydrogen sulphid 0. 001 

Insoluble portion : 

Aluminum silicate 24. 64 

Calcium silicate 3. 04 

Silica 17.92 

Calcium carbonate 8. 81 

Iron sulphid • 0. 14 

Ferric oxid 1.49 

Sulphur 1.18 

Organic matter 2.67 

Both the soil and the water are used for the so-called baths. Platforms are built 
on the moor, and on these the soil is heaped up after it has been carefully freed from 
stones, shells, etc. The soil is saturated with the salt water and formed into a 
smooth oval ''bed'' 3 or 4 inches thick. This is done early in the morning. When 
the weather is favorable the sun will warm the upper part of the soil to about 51*^ C. 
The lower layers of soil are 5" or 6^ cooler. When the upper surface has a tempera- 
ture of 47-50° C. the '* bath'' is ready for use. If, however, the lower layers of soil 
are only about 3^ coolor than the upper layers the "bath" can not be used. The 
patient Ties down with his arms extended on this bed of moor soil and is covered up 
to the neck with the warm earth, the head being protected from the sun. The 
patient perspires freely, and remains covered with the earth for 15 to 25 minutes. 
The earth is then removed, the patient taken to the bath house <and bathed in the 
moor water or brine which has been warmed to about 38^, and then with fresh water 
of the same temperature. The patient is then thoroughly rubbed down, and remains 
in his room 1 to 3 hours, perspiring freely. Tea and water are taken to quench the 
thirst. Immediately after the bath the temperature of the body often rises to about 
50^. In an hour or two it becomes normal, the patient fe<>l8 very well, and has a 
good appetite. The usual custom is to take a bath for two days, then omit it for 
one day. If they are taken too often the patient* frequently suffer from sleepless- 
ness, headache, and loss of appetite. The course of baths la^its about 6 weeks, the 
patient receiving 10 tx) 20 baths. The above are called "natural " or " earth '' baths. 

In bad weather, or under some other conditions, another sort of bath is given 
which is not " full strength." A large tub is filled with moor soil and hot moor brine. 
This is mixed until it has the consistency of thin porridge. When it has cooled to 



BATHS AND ENEHA8. 

•bant tI-43'^ the pstient is iimueraed bi the 

minuteH, The patient is tbeu bathed in brine, etv., aa in the " naluriil '' baths. 

fioDiHtinie« hatha are taken in the s&lt water aluue. 

The bnlhs of Ssaki are recomuieniled fiir rbBUinarisiu of all kiudn, tertjury aypbilia, 
diseasee of the bones and periosti-uui, lameiieas, and di»eMes of the uterus. 

The Bubjei'tH of TroTtsky's exprritiicutji were Holdlers and inmates of the Military 
Hospital. Tbey wvt all mifforin); from various diseanes, uicept the subject of Una. 
135a-13ol, irbti was in nomial health. Ilia diet I'ongiated of bread, rice, oil, and 
tea or water. He reniained in bis room dariog the experiment and slept a consider- 
able portion of the ti me. The nitrogen excretion won greater than the amount con- 
■nnied. but wjis diminished by the batbt>. The food of the other subjects consisted 
of breait, meat, luilk. butter, etc. The nitrogen in the food, nrine, and feces was 
determined, and the amount iu the perspiration in several cases was calculated. 

The diseased snbjcotH were benefited by the baths. In no case was nitrogen ei^ui- 
libriiim reached. The excrotod nitrogen was always leas than tbi'amonnt consumed. 
The conclusion was reached that the baths diminished the excn^tion of nitrogen. 
ThiH would imticate that the metabolism of nitrogen was lowered. After the baths 
it increased. At the same timi) that the nitrogen nietaholism decreased the assimi- 
latioD of nitrogen of the fooil increased. 

Nos. 136e-13W wpre made by Fonimoiik at the Univeraity of Pragu." in 1893 to 
investigate the inOaence of rold baths on the excretion of nitrojien and nriu auid. 
The snbject was a medical student. The food ronslsteil of sausage, cheese, breud, 
rice, etc.. and a little tea which was left out of account in det^ermining the amount 
«f nitrogen oonsumed. Water ami beer were also used aa beverages. The tiitro^nn 
io food, urine, and feces was determined by the Lndwtg method (with Horhocwsw- 
■ki's modification). The nrio acid in the nrine was determined by the Salkowski- 
Ludwig method. A preliminary period of 7 days (no nnalyses model was followed 
by a normal perio<l without burbs. Then on 1 day a cold bath (15'^ C.) lasting i 
hour was taken. A second normal period was followed by a bath period. Two 
baths of about i hour's duration and about 1&^ C. temperature were taken daily. A 
third normal |>eriod was followed by a batb period. On one day 1 and on the other 
3 hatha of about the same duration and temperature as in the other cases were 
taken. The pxperimeut closed with a normal perioil. The temperatnr<' of the sub- 

I Ject was taken three times daily and a number of timi's at short intervals after each 
iMth. The normal temperature was about 37'-' C. It was lower than this immedi- 
ately after a buth, hut becsme normal after a few hours. The subjei-t did not 
btHjome tired of the diet aud gained a little in weight during the experiment. One 
cold bath did uot I'bange the excretion of nitrogen materially. When several hatha 
were taken the exerption of nitrogen in the nrine wan notic^ealily increased. The 
feoesalso contained more nitrogen, showing that the jirotcin wosnot as well digested 

t ■■ during a normal period. The baths increoseil the excretion of nrlo acid a little 

r 'And the effect was noticeable for several days. 

Nos. 1365-1371 were mule by Topp »t Halle in 1893 to study thi; influence of hot 

I batha. Tbe oliserver biuiaelf was the subjert. The anthor'a age and weight ore not 

r teeorded. He states, however, that dnring the experiment* bia weight remained 
practically unchanged. The food consisted of a simple mixed diet, wbich was fol- 
lowed for 15 days before the ex{>eriment proper began. It is not stal«d tliat tbe 
food was analyzed. The nitrogen in the urine was determined by thi' Kjeldabl 
method. The subject was in nitrogen equililirium at the beginning of the experi- 
ment, and praciically tbe same auiouuta of nitrogen were excreted on each of the 
days on wbicli no baths were taken. Tbe nitrogen in the feces was not determined. 
Inaddinetheexperinicnteto tbe pri'sent compilation the figures were snpplied by the 
compilers. Thf value, whi<'h is unusually low, was selected becanse, as previously 
■tatad, the subj(>ct remained in nitrogen equilibrium while his weight remained 
lUMiluuged. On several days hot baths of from 1.^ to 45 luinutee' duration were taken. 
An Jntarval of several days elapsed betwe«n Nos. 1368 and 1370. On the days on 
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which liot hatha were taken somewhat more nitrogen was excreted in the nrine. 
This eflfect was noticed^ though less markedly, on the succeeding day. 

The author concludes that the artificial raising of the body temperature canaes an 
increased breaking down of protein. The experiments of several other investigators 
are quot4Ml in detail, and the general subject of hot baths is discussed at leng^. 

Nos. i:{72-131*5 were made by Bezrodnov at St. Petersburg in 1896. The object was 
to investigate the influence of artificial sand baths on the metabolism and assimila- 
tion of nitrogen and on the quantity of neutral sulphur excreted in the urine by 
healthy subjects. Eight experiments of 12 days^ duration were made. They were 
divided in three periods of 4 days each. The sand baths were taken during the sec- 
ond period. They were prepared by covering a mattress with a layer of hot sand 
(60^-7(F C.) several inches dtn^ip. The sand was covered with blankets and a sheet. 
The subjects were placed on the bed and covered with blankets, except the head, and 
bags of hot sand were placed at the feet. The treatment lasted from 30 to 40 min- 
utes. The subjects were then placed on an ordinary bed and kept covered until they 
ceased to perspire. 

The foo<l consisted of a mixed diet. The nitrogen in the food, nrine, and feces 
was determined by the Kjeldahl-Borodin method. 

The following conclusions were reached: Artificial sand baths diminished the 
assimilation of protein during tht^ peri(»d in which the baths were taken. In the 
6uccee<ling period the assimilation became normal. The (lualitative metabolism of 
nitro<;en improved and the improvement wan noticeable in the perio<l following the 
sand baths. The relative quantity of neutral sulphur in the urine was diminishe<l; 
that is, the process of oxi<lation iuiprov(*d. Generally speaking, the subjects felt 
better when sand baths were taken. 

EXPERIMENTS TO DETERMINE THE INFLUENCE OF PREGNANCY^AND 

CHILDBIRTH. 

In Table 13 are included 40 teats vrith women in which the influence 
of pregnancy and childbirth on the metabolism and excretion of nitro- 
gen was determined. 

An examination of the lit^^rature shows that very few such experi- 
ments have been carried on. During pregnancy and lactation unusual 
demands are made on the parent organism to provide for the growth 
and nourishment of the fa^tus. It is an important question to deter- 
mine whether the parent organism re(|uires less material for its own 
needs, devoting the remainder of its normal supply to the young organ- 
ism, or whether an increased in(;ome is required; that is, in brief, 
whether the fu3tus is provided with nourishment at the expense of the 
parent organism or whether the extra material must be supplied from 
outside. A considerable number of experiments during the period 
of lactation have been made with cows and goats: that is, this work 
has usually been carried on in connection with feeding experiments 
or in the study of the economic production of milk (Table 27, Nos. 
2307-2325, and Table 32, Nos. 3036-3068). A few experiments with 
dogs on the influence of various phases of sexual life on metabolism 
are included in Table 28 (Nos. 2572-2581), and in Table 29 (Nos. 2970- 
2972); and with rabbits in Table 34 (Nos. 3272-3287). 
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Nob. 1396-1435 were made by Zachajewsky at Kasan, Rassia, in 1890-91. The 
object was to investigate the metabolism of nitrogen dnriug childbirth and on the 
days preceding and immediately following it. The subjects were 9 patients in Pro- 
feasor Fermunoflf's hospital for obstetrics. The analytical work was done in Profes- 
sor Techerbakoff 's laboratory. The diet was simple, consisting of meat, b*'ead, milk, 
tea, and sometimes a little butter. Each article was weighed or measured. Gener- 
ally the food was especially prepared for' these experiments. The meat was cooked 
in butter or stewed. The bread was the so-oalled French bread (probably white 
bread). The milk was boiled. The food, urine, %pd feces were analyzed. Nos. 
1396-1404 are the experiments made during pregnancy and Nos. 1405-1435 those 
during and after confinement. In Nos. 1405-1427 the milk secreteil and the lochial 
discharges were also analyzed. With the subjects of Nos. 1396-1398 this was the 
first confinement. In all except two cases there was a gain of nitrogen. 

In the author's opinion the subjects pregnant for the first time did not assimilate 
the nitrogen of the food as well as those who had been pregnant more than once. 
The latter also retain more nitrogen in the organism. 

The effect of the frequency of pregnancy on the amount and composition of the 
nrine is also discnssed. During confinement there was in every case a considerable 
loss of nitrogen. This was gradually made good, and after a longer or a shorter time 
the nitrogen metabolism again became normal — that is, the subjects were in nitrogen 
eqailibrlnm. Varying quantities of food were consumed by the different subjects, 
and in the author's opinion it is not possible to specify the proper amount of nitrogen 
for the dietary of patients during confinement. The dietary should be abundant and 
consist of foods easily assimilated. The amount of nitrogen excreted in the milk (8 
to 9 per cent of the total nitrogen assimilated) was not large compared with that 
excreted in |>he urine. The amount of redncing substances in the urine was deter- 
mined. This was found to be considerable, and in the author's opinion consisted of 
milk sugar. Many other questions are discnssed in detail from a medical standpoint. 

The amount of nitrogen excreted in the perspiration has been a matter of consid- 
erable discussion. It is usually considered to bo so small that it is loft out of 
account in most experiments on metabolism. 

Zachi^ewsky quotes the following experiment made by Jefdokinoff. The subjects 
were men who were inclosed in rubber bags. This may have increased the amount 
of perspiration. Analysis showed that nitrogen formed 0.044 per cent of the total. 

Oddi and Vicarelli ' have published results of experiments with rats in which the 
ipfluence of gestation on the respiratory quotient was studied. The conclusion was 
{reached that gestation is characterized by an increased combustion of carbohydrates 
in the body while the nitrogenous material is used for the nutrition and develop- 
ment of the fcRtns. 

EXPERDCENTS TO DETERMINE THE INFLUENCE OP MENSTRUATION. 

In Table 14 are incloded 11 tests with women in which the metabo- 
lism and excretion of nitrogen daring meustraation was investigated. 
The number of experiments in this and in the preceding section is 
limited. The questions investigated in the two sections are closely 
connected and might be included under the general head of influence 
of sexual life on metabolism. Tests with dogs .similar to those in this 
table are found in Table 29 (Nos. 2964-2969). 



'Arch. Ital. Biol., 15 (1891), p. 367. 
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COMPRESSED AIR. 179 

No8. 1477-1485 were made by Shmitz in St. Petersburg in 1889. The object was to 
iliTestigat« the influence of compressed air on the metabolism and assimilation of 
nitrogen. Several caissons or air-tight chambers under water, nsed in building 
a railroad bridge over the river Oufa in 1886 and 1887, were employed for these 
experiments. The maximum and minimum pressure of air in the chambers was 1.8 
to 1.5 atmospheres in addition to the prevailing barometric pressure. The subjects 
were the author and two hospital servants. The food consisted of bread, meat, and 
bouillon. Sometimes milk was consumed also. The nitrogen of the food, urine, and 
feces was determined by the Kjeldahl-Borodin method. Each experiment lasted 3 
weeks and was divided into three equal periods, the first and third under normal 
conditions. During the second period the subjects remained in the caissons in the 
compressed air 3 hours a day. 

The author sums up the results of his experiments as follows : The metabolism of 
nitrogen was lowered by remaining in an atmosphere of compressed air and increased 
very markedly upon a return to normal conditions. The assimiliition of nitrogen 
improved slightly under the influence-of compressed air (nearly 3 atmospheres). In 
2 cases the appetite improved during the second period and also during the third 
I>eriod. The weight of the body increased during the whole experiment with each 
subject. 

Another and more recent series of experiments by Schmitz ' on the same subject 
was received too late for insertion in full in this compilation. The subjects were a 
man, a hospital servant, 36 years old, and 3 boys, each about 15 years old. The experi- 
ment was divided into 3 periods of 6 or 7 days each. During the second period the 
subjects spent 6 hours of each day in caissons used in the construction of a bridge 
on the river Ishim. The air in the caissons was under pressure of 2^ atmospheres. 
The nitrogen of the food, urine, and feces was determined by the Kjeldahl-Borodin 
method. In the author's opinion the results indicate that the metabolism and assim- 
ilation of protein increased with increased atmospheric pressure and varied directly 
with the amount of food consumed. The more complete assimilation of protein is 
regarded as an indication of the importance of atmospheric oxygen in the oxi- 
dation processes of the body. The experiments are also discussed from a medical 
standpoint. 

In view of the limited number of experiments on this and closely related problemB, 
the following brief abstracts of work very recently published are given : von Terray* 
made a number of experiments with a rabbit and a dog on the effect of variation in 
the oxygen content of the air on metabolism. The nitrogen in the food, urine, and 
feces was determined. Intermediate metabolic products in the urine, namely, lactic 
and oxalic acids, were also studied. The inspired oxygen and expired carbon dioxid 
were measured }>y means of a small respiratiou apparatus. In the author's opinion 
within wide limits metabolism, as a whole, is not influenced by the composition of 
the inspired air. In the experiment reported when the air contained 10.5 to 87 per 
cent of oxygen no effect on the mechanical processes of respiration or the excretion 
of nitrogen and carbon dioxid was observed. Below or above these limits effects of 
varying intensity were noticed. When the oxygen content of the air was less than 
10.5 per cent the tissues apparently did not receive the necessary amount of oxygen, 
and symptoms of asphyxia occurred. The amount of oxygen assimilated diminished 
and the carbon dioxid excretion and the respiratory quotient increased, while the 
urine contained more nitrogen than was consumed in the food and the amount of 
intermediate metabolic products in it increased. 

The influence of rarefied air, i. e., diminished atmospheric pressure, was studied 
by Lewinstein^. The experiments were made with rabbits. The subjects died in 



* The influence of increased atmospheric pressure on the metabolism and assimila> 
tion of nitrogen. Inaug. Diss. (Russian), St. Petersburg, 1895. 
spflfiger's Arch., 65 (1897), p. 393. 
»Ibid., p. 278. 
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from 2 to 3 days when confined in an atmosphere of 800 to 400 millimeters preesure. 
ThiM corresponds to an altitude of 5,000 to 7,000 meters. The rabbits were dissected 
and changes in tbe organs and tissues noted. 

llie influence of rarefied air and the air of high altitudes on the metabolism of 
man was studied by A. Loewy, J. Loewy, and L. Zuntz.^ Experiments in which the 
respiratory quotient was determined were made in Berlin. The subjects were con- 
fined in a small chamber with an atmospheric pressure less than normal. They 
were made under various conditions of rest and work. The work was measured by 
a specially constructed apparatus. The conclusion was reached that when muscular 
work was performed the diminished atmospheric pressure did not change the amount 
of oxygen consumed from the air. When no work was performed the respiratory 
quotient was unaffected by diminished pressure. A number of experiments in which 
the respiratory quotient was determined were also made under various conditions of 
rest and work with three subjects on Monta Rosa in the Alps, and the results com- 
pared with the experiments made in Berlin. In the author's opinion the experi- 
ments showed, that the air of high regions had a different effect from rarefied air 
when the diminished pressure is brought about by mechanical means. Rarefied air 
causes little if any change in metabolism during rest or work. The air of high 
regions, however, increases the general metabolism. The experiments are discussed 
at length. 

' PflUger's Arch., 66 (1897), p. 477. 



DISEASED SUBJECTS. 

The second main groap includes the experiments with man in which 
the subjects were suffering from some disease. These experiments 
number about 750, or one-third of the entire number with man which 
have been collected. 

The term ^'disease" is used in a restricted sense to indicate a patho- 
logical condition of organs, tissues, or functions of the body, and not 
those couditious which are simply abnormal or the result of accident. 

In general the experiments have been so subdivided in the compila- 
tion that those in which the subjects were suffering from the same dis- 
ease form classes by themselves. In several instances, however, when 
the same observer made experiments with subjects with different dis- 
eases all Lave been included in the group to which the greatest number 
belonged. Experiments made with normal subjects for purposes of 
comparison have also been included in a number of cases. 

In classifying the diseases. Osier's Principles and Practice of Medi- 
cine has been followed in the main. The largest class includes the 
experiments with specific infectious diseases. The classes including 
constitutional diseases and diseases of the kidneys are next in point of 
numbers. 

In the greater number of the experiments with diseased subjects the 
object was to study the influence of the disease on metabolism, usually 
the metabolism of nitrogen. In a few instances the effect on metab- 
olism of the special medical treatment followed was studied. 

The experiments with diseased subjects are interesting in themselves. 
They are in many cases of the utmost value in determining what foods 
are useful and what harmful in different pathological conditions. As 
an instance may be cited the investigations carried on to learn the effect 
of protein, fat, and carbohydrates in different combinations on the treat- 
ment of diabetes. The subject as a whole is perhaps the most important 
in the study of invalid dietetics. Experiments under pathological con- 
ditions are also of use in drawing deductions concerning nonpathologi- 
cal conditions. For instance, diseased subjects are often in a condition 
of more or less complete fasting. By comparing the phenomena of 
metabolism under such conditions with those of a healthy subject fast- 
ing and fed it is possible to draw deductions concerning metabolism 
under the latter conditions. 

EXPERIMENTS WITH SUBJECTS WITH SPECIFIC INFECTIOUS DISEASES. 

In Table 17 are included 351 tests with men, 8 with women, and 14 

with children in which the subjects were suffering from typhoid fever, 

relapsing fever, syphilis, or phthisis. In these experiments special 

questions were usually studied; for instance, the effect of the disease 

u|)on the metabolism and assimilation of nitrogen, or the effect of a 

particular diet on the condition of the subject. 

181 



182 



A DIGEST OF METABOLISM EXPEUIMENTS. 



t 

a 

if 



a 



B Q0Z 5 






e5 



i 






d Si's 

« ^ 4 

« « a> 

^^ ♦* ♦* 
S a 



s 



^••tS lT*' t>® • . . . . 






o o 



&^&i 



* ^' • u 

' P i s fc 

H H 



** 2 ^ 

^ c a f 

T jt « 

'^^ u 2 *-' 



>5 



( — )hM>{ JO 

(+) a|iio 






'8099J ai 
*oa|jii ax 



I 






•poojuj 



8*. 

5a 



>i 



M I M 7 iT I i 4--t-4- II 7-fi+7 .7 i_ L_ 






• • >•■•• • 

00 004^040 •-) 



O 



O M 



»-4»^»^^^CI ».* 1-4 •"! »^ ..* ..* ,« »^ l^d C« »ii« "M ..^ »iii 1.^ v^ ,^ 

004DCOO OOOiAOaOOiO «0O MOOCIOkl^ 10 10 ^ 

•M r^ 1^ tM f.^ (M 1^ e4 ^^1^ r^ C4r^i4 r-t m* 



'ao);«iii^ 



3 



n*-tf-*^n o^MM^ciPi^ *-»«-i i^i^i^i-iM cs « 



CO 



ai 



«4» 

c 

s 

I 

a 

09 

< 



I 

I 



I 

a 

9 ^ 



p. 

d 



I 



SB 

Is 



0« 

d 

s 



ii 



ill I 









d 

o 



8 

a 



«'0 



d 

s 

I 



H 



4 



U tm %* 

9 if V 
«« «rf '«d 



ce 
I'- 



ea 



ec 
in 



|:5E2^geaggiais a 



•- p bccit- C.2 bid Mas* . «** . «S 'tS & & 



e a 



E 
u 



a 



Si tS 5"a?S M k«^ «S **^2 "•- £^2 S« ^*2 ^ffi 2 Cr '-' 



d 

CO 



•»q»!»Ai 






•oSy 



w 



3 






g i 



• • • • • 

SS3S9 „ 



•A to 
IA«A 



0:66.... 
^ O^^ o o c o 

S*^ d a'«*«'0'« 
• el « 



d ^ 



o 

g" 



c« J*i R •-« 



I- 

;3 






o 



o 



'«oooo 00000000 00 oeoeS 

S'O'O'O'd "d "d "d 'O 'O "O •© "d •d'd •d'd'd'd ** 

w :::::: : : : : : :n 



9 



o 
•d 



o 
•d 



o 
•d 



'an{} 
-VDfiqnd JO a)«(i 

'loqoina ^\19^ 






I « ffl C» M Cl( 



:55SI 



;SI 



00 06 do Qb So 5/ S w 



fH ^ ^^ ,.4 1^ fH fH IM cH fH l-l 1^ .^ f>4 1^ f^l^ ,-«,-« (^ cH IM f^ f^ ^4 



SPECIFIC INPECTIOUfl DISEASES. 183 

I Ufl UH 1 1 It! f P I III i I jl i HI' 1 1 

j *^11S -S^iJ^g ^ £ S^'^^x SS^'S-S B^H'Sfl 5£" 5 -SSr^iS ea 

llllllllliillliillilllililtfettllilJIIIiHillftiH 



si t4 ^ ^ . 



ij 2" iS !i S 5 



lillillllllllllll'^'^llfl il 
1 1 1 1 1 s i ! i E 1 5 1 i is I i I i i i I s I 

^- :- i !■ I I I I !■ I :■ ! I S I I ; i i 5 I I S I 1 



aaitsssiiRS £11 



4 4^44-^ 



g I g I I I I I I I S g 9 I §1 I 11 I S S § I § ~ 



A DIGEST OF HF.TABOLISH EXPERI11ENT8. 










H II 11 i i Is 



i i 



i S H IS a s 

1 1 il ll B B 

e i li ii i i 



i i 
; I i 



I 6 1 
! ! 8 



, 1^ J I 



: !=:IS3 Is 



s sa 3» ftst 



a :i 



I I 11 II I I I i i I 11 !| 11 
^ ^ li i^ i % i % $ s ii ^i si 



^ 



Pi ^ k 



S " 






3 3 ;• 



liflilll I III 

iiiiSI 

is sS S E s ^ I i I 





11111 



i i i i: iii; i !! 

4 4 4 1 |4444-S444444-S4444«- 

J LLiiiiLLiMiiliiiii 



II II 11 I i i i I illlilliliillillilll 






II Hi n 



i 



A DIGEST OP UBTABOUBH EXPERIMENTS. 




'"^1 I I I Mil I II M ii 



IJh' 



i i 




J_ L . I __l_i_j_i. _t_LJLJ_J I LJ I " 1 " 7 

:• : ; : ■: : ; : : 3:3 : 33 3 : : : 5 
3 -■ 3 5355 3 s 55= i si sSss J 



iiiipaiiiiiiiyn 
iljsiiiiplp life III i 



j i 



"~i"r 



ii 



1 1ll 



M ' 



gii 



LI 



; i 



11 



HhJ 



j i 1 1 1 1 g j j j 11 j 11 1 §11 j 

I I I I I 11 I I ssi i II sil I g 



A DinEST or METABOLISM EXPEBIHEXT8. 



Ills 

nil 

Hi 



1« IS 

li It 
IS ?= 



1i I 1 II i| 

Hi 'I If If 



'1=9 It 93.'«.-3=33E 

■^1 ---i^ -l^ =1 si ^s -"I--!. 






■-^" id 



ittsii^^i 



G 



I I I 



1 

1 


!. -is 


.* 


Si s.f 




11 li 

'5 -^1 




I' P 




»* S* 



I I I ^ 3 s' ;» y 5| SI 

! ! ! I II II S3 l! I! 

«^ 8 I r s s 5^ s+ j! js 

=^8. I ^ S S 'I •« h h 

-■5 - J S ,- •* sa g; *ri ^-7 

!f li m ''Hi it *-^ is '-i 






|l ^ S ^i? IllllfiUlgi 

S 3 B B^ B S S 3 s s 



SniiiSiii-' 



I 1 iili 1111 



i i J I i j J j i J i J 



SPECIFIC INFECTIOUS DISEASFS. 



; iik fcit^l:-|:/li; -X «- b;; el; ti: &i 

I Is SS 611! |5S y 5 IeIS > lii 65 165 Sls's l_=8 IsS 
ft P" 



1 T 



^ ! 

I 

} 1 

I !. 

11 

1^ 1^ 



n 



190 



A M0B8T OF METABOLISM EZPEBIMEItTS. 





1 






1 


vrss 


li ? 




■•™i"I 


iS : 




•IHIJJO 01 


l« i 


■pooj»i 


ii i 




■ootwnia 


r 


1 

: ■ 


i 

1 


i 1 

i ! 




' 


■iql|.il 


i^ 5 


■ 


■«iv 


r 


a 
3 




i 




i 


i 




•Mqin>ia|«|»a 


1 1 




1 s 



SPECIFIC INFECTIOUS DISEASES. 



K^. 



SM^' 







If 

ti 

i! 



188 A DIGEST OF METABOLISM BXPEBIUEKT8. 

11 II II II II II I I 11 jl 

l| h l| li If li I 'i If It 

's ** 's "* "s "* ^^ '3 • .3 

Sfi B? =a Ss s| b| is --^ =1 =1 

friai t~us "35 "^^ iJa^ i-w^S-S j=> mos^JBi 



-wnqn*! J" ""a 



15 



e^ e 3 ^ 



jj 



T T 



a ij !; ji 8 ij s 

i 3 5 5 i S 3 a 



"f a" ;s II 
|| 3| |S «1 

y li 6^ |i 
sa a s; :- 



H °'i il ^11 ^ll'l I'i *-s Is ' 

|s • ss rt ps= sf 5« s! |. 

!-| 3= is ;.|j ajSl Ig Ji.Ss Sj 

F I; |S |Si |5li II iflllj 

H k, H ^ii? HH M^ss^HaSB 

e-^ o- =■"*" ""^ f"'"e+ B'5'2'*S »«'?S "2.S 



i i t i i 4 " 



lili ! 



111111111 



§ i 



'i^...ivs| |||§!||i|gS| 











w 


! I 

1 '■ 

1 1 


i i 


i i 


Soldier (9.) 


i 

j 

i 1 
1 1 





SPECIFIC INFECTIOUS DISEASES. 



195 







S 



I I 

I 11 
111 



M 



S Sii Bis S Sal ^ 






43 

fl 

I 






* S 

a 



u o 
S fl 



>?5 







i fl 

^« 

< CO 






■ • 

I I 



CO 



"* CI 



I I I 



00 

I 



.A* 



to 

00 



<D fHOkCO^to 01-4000000^ A-^O <^e4 

• • 3 • • • _• ■•••«••••• 

o ^aeoe4t« o t- <^ lo eo o o <-! o cm <-* 



I I I 111 + 



I I 



I I l±+ 



• • 

+ ! 



■ • • 



n 



++ + I 



e« 



CO C) 



*a 



00 O CO M "4) C9<OCieQt« ^ t«<D CO O ^ O €4 lO O O 

* • • • • ••••• •.••••••••• 

o o r-i M *^ civ-4^e>ieo lOioeo^^coio^io-^tD 



0»C9tOOMiO<HOA r-trHtoQOO t« iO CO lO 00 O «0 00 t« M CO 
f-t iH f-l C) ^ 11 iH ^P^rHO C)e$e4MOi-iC4^9499^ 



iH O « 

• • • 

lO «0 «D 



00 



iH 00 

eo >* 






CO « « «t^ej«g gissssssssss 



O«0 


"* 


coo 


• ■ 

MCI 


e4 


• • 

1-1 Ol 


lAO 


.-tC^ 




•a 

f-« 


1-HH 


o« 


•* 


oco 


• • 


t-- 


• • 

oooo 



o 



CO 

e4 



to d 

• • 

1-1 .-I 

o « 

• • 

00 ^ 



AOOOCI '4i»t««r-OlO«0<DOaO 



•OiH 



t«(0 




SgSg 






^S 






'9 



♦it 









a 






fl 

s 



O iH 
M lO 






00 

CO 



n lO 



s 



CO 



(O 

eo 



o (H Aooiaoot^ <#(o looo to ot«^ o«o 00 



I 



OAAi-i»-liOiOlOiO 

0<Hr-IClC*lfHiHpHi-l 



P) 



s 



o 



o 
•a 



50 

s 

3 

At 



M 



MM MM M M M M >> k* MM U m »*" >" 



o 3 o 






■ 
• 

o 



t 
t 
• 

o 



CO 






trt Ul Ui h t4 

« « O' o » 

•^ •ff^ •*« >^ ■^ 



•*^ •*• -^ »*^ •*« "^ •*« Mi* W^^ A^M 9m* 

"5! "S "75 '^'S "^ »i^H ^^ ^< •—* 



tZ ^ ^ 



o 



O CI 



>§ 



^ 



^ 



o 
•3 



o 



o 



o 



N o o o o 

3 

0^ 



ooooooooooo 

*Cr ^3 T3 T3 ^3 ^3 ^O T3 ^O ^O ^cj 



CO 



;^ 



00 00 



00 



2 2 



oc o 

3 2 



M M eo 



g <- 



eo -^ 



eo CO CO CO CO 

A A 9 A A 
00 00 00 00 00 



COt^OO Ai 



SCO CO CO CO eo < 
A A A A A I 

00 00 00 00 X OOl 



iCOCOi 
I A A 
iQDOOi 



IS p. 

too I 



iHCIi 

SS: 



:§i: 



OM 



dco 
<C(0 



o 
•d 



oo 



g 



-d-d 



A A 
00 00 



lO o 
Sco 






I 



00 



00 

CO 



196 



A DIGEST OF METABOLISM EXPERIMENTS. 



& 



a 

§ 

1 



.5 



I 

o 

t 

•s 

I 



as 

I 
1 



a 
3 



a 

I 



( + ) up»f) 



'OII}Jll UI 



•poojni 



'aof|iun(x 






'%n^]^As. 



s • 

a 

•s ^§ 



i^^ ^ ^ ^ a a <^ Isiil a ^ 



ft 



OQ Ofi 




a 



ml 



09 OQ 



•lOMlO tt O t« M O ^ 
©W«» O t> ii CO d M 

+ I + I ■*• + + + + 



to ^ ■^ »a to 

• • • • • 

« lO <« ^ ^ 

+ + f 4- + + 



e4 






+ + 



B . • • • • • 

^©OiM M ^ i-i 



m f-i o 
ci eo eo 









M«OM 



lisS sssssjjtJj^a^ssss^^jSi^Ss" 



l:s;:si ^ si 8 si s' a s 






I 



)ioot» r« t« t* 



I i 



9 ^ 



i i 

i i 

iii s S S 

<rfcf^' U ^ w 

ssa I s a 



i 






• . • • 

c c a ' M ' 



^ ^^ *^ ** 



M t« t« 

• • • 

s s s 

i i i 

ill 

I § § 

I i I 

i I i 



CO . N .1-1 



l§l 






l§&il 



s«rs-r3-rrs= 



I 1^ t« lA t« I 


• 1 I • • C 

i 1 1 1 1 i 


i 4 i a 1 i 


meat. 616 

meat. 675 

meat, 672 

. meat, 521 


i 1 1 & ^ i 


• • • « 

333 
tea. 
279 
.tea. 
274 
.tea. 
315 
tea. 


: .€>« .« .w -G* ; 


: P a 5 s c a a : 

uo us UO ^0 • 

: S & § 2 : 



»- t* 



I* I- 



• • • • 




3 a p a 

1 i i 1 


1 


4 i 1 i 


• 

a 


2 i 3 S 


§ 



■♦- 'tj *f «i ^ 
I I I I I 

S 2 : S S S § S 



kSS8 833SSSSSSSSS8S3C;S 



•«8v" 






S ^ 8 §^ s^ 



• .■tl.... 

• ■••••tfl. 

• •••••■•« 

• •••••••I 

• •••••••I 

• •••••!•■ 

• •••••It) 

• •••••fll 

• • ^^. •••!•■ 

I ; P9 I J I ! 3 • 

: : ^ ; : : : ^ : 

. . ♦J f • • . '*^ . 




-noil SiSS S S §S 3 &' ^' S S; &' &' &* Si' &* S S S 9 

-V.>ll<|Ild lo •>|B(T <xxcoaoxxS%aoS(X;«SoxaOQ&a55o56 



s 



9r-i?in'«iiA9t-'qp 




ill ill I 



s 5 s« i s s 



T 



+_+ ++ " ' + ±1. + + + + + ±_^^ I I I 

5i isTl^S is 



n 5S i i III 



i i i 



s i 

!! 

I i 

i S 
I] 

i i 
5 a 



11 



«iii 



ii 



ililMl!!!!!!! 
ills Wpl lift 

iiiii&isliis 



lISw^ 






»: .i 



3 S 3 33 



f 1 1 



llil 



i § ii J J I 
11 Hill 



11 



ii rl 11 11 

J I ij_i J_^ J_ i^ 
Hi %l i i I i I 



A DIQEST OF HBTABOLISH EXPBBIHBNT&. 







1 


Histfliiissiiiiiai, 
piiiiJlfiiiiSi 




X 


'|»»j ni 


1 






1 




t 


1 




1 


e 




1 


-«„„«n„ 


r 


• 


1 

1 


1 
1 


1 

! ] 

8 s 






■11»("« 


*= 


5 


1 


1 




1 


1 
s 


i 

i 


i 








i 


< 


■mmndjon^a 


i 


■jjqinnn i»|jaB 







SPECIFIC INFECTIODS DISEASES. 



195 



8 



1 I 1 





s 



i 
1 



® is 

a 

es . S 



1 



4i 

2 









III & U^H&l «s^aa5iS553s I 







r4 


« 


at 


a» 


"* 


c« 


00 


r» 


U) 


le 


i-iacQ ^fc» 


MriaoaooOtHOft-^o ^d | 


•oo 


Ui 


«Oi-4 


7 


1 


1 


■ 
CO 

1 


• 

00 

1 


• 

fH 
1 


• 

•A 
1 


IO 

1 


o6 

1 


1 


1 1 


• • • 

l + l 


7al 


• •■•••• 

CO 09 O ^ O Ol •-• 

1+ 1 i+ 


• • 

Oi-l 

+ ! 


• 

o 

1 


• • 

i-HH 

++ 



CO 


Oft 




o 


+ 


1 



e«t«ooc4iocooeQci 



C<l<DCieOt> ^t»<DeQO^iACIlOO o 

c4f-«^e<ico lOiaM^ ^coio^io^«0 



ooMioociiotHoaft fHp-ie«ao<D t« lo eo lO oo ok le oo e« e4 eo 
aiocioioinr^ad 



8 )2 



^ ;:! 5;:s;:;::eS i^eHc^sscS^Se^ss^cSS 



tHO<Dao>-4Qoe«t«t-r« ciao<Dio«D a ih <-<i o o ^ ct «d e>) <D lO 
lOCDvcDeo-^meoioeq aot«c««ec> 



^SS SlSSS^eSS^S^SS^S 



0«D 


^ 


COO 


O 


« 


cie4 


el 


• • 

«HC» 


c4 


e^ 


lOO 


to 


«HCI 


t* 


M 


«*«» 

»-l^^ 


•o* 

fH 


a;i 


• 


d 

fH 


o« 


"* 


oco 


9 


«D 




• 


ad 00 

1-4 (H 


■ 

oo 


• 



•41 <^ -^i <« -^i 000004 <«o»t*«D^•elO«e«oac 

ClfHvHpHfH fH fHiHCIr^ iH 



lOlH 



t-« 



e<i 



I 

I 

a 



M M ^ 
CO CO 00 



M M 

s a 



& U 



CO 



3 S 



.- « 



Sd 



a 4.05^ S 
a ^ d !" a « 

82:10 O.H p 
«fH «eo 5 



agagajfas'isl 



sa 



lO •H as •^ lO »^ 

iaiaga 




000 



ooooooocoo 



'073 'O ♦^^ 'O'C'O'O'tf'O'C'CC'CSJ 






2 



•4 

I 



d 
^ 



a 
1^ 



lO 10 



4 



«0 



00 

• 

CI 

CO 



30 

8 



CO 



to 

■ 

to 

00 



o rH okxioaoe^ ^«Dioaoioot<>q^ oooo 

2 S SS^SS 3SSSS2S^SS9 



«o 
6 

.a 
s 



« o 

r 



2 



o 

00 



1 

hi 
PQ 



aOAOfHiHiOlOlOlO 
MfHfHCtdtHfHfHiH 



SO 



e 



o 






M 






-s 

CO 



3 o o 
•S •« -d 



<s 



e 



o 

'5J 



' »> u b hi M 

O O O V • » 

»Q »»« .w* ^ .»« -^ 

^S ^3 ^O ^O ^3 



-4I-4I -^l C9C1 M d 



M t-4 1-( >• k >H M 1-^ i-i ?>■ >> 
hi(4L<»4»«ki»<hiWMM 

•^« *^m -W^ m^m >^^ a^^ m^m •*« a^^ apM .#4 



I 



o 
•d 



e 
•d 



o 



o 
•d 



o 



o 
•d 



N o o o o 

iS'd'd'd'd 

3 



00000000000 

^j T3 H3 ^3 ^C T3 T3 'w ^3 ^3 'C 



i § 



i 

00 



00 






00 



«0 r« oc 

2 2 2 



o» 

2 



S 



CI 



i i 



CO CO CO CO CO 

00 00 00 00 00 



«or«aDO»< 

CD (0 <D CO I 



SCO CO CO CO I 
( 



I Oft Oi O O ' 

oo 00 OC 00 OC I 



I 00 00 00 



SS: 




GO 



O 

•d 



o o 
•dTfl 



S S 



oe 



£S 



o 

_ CO 

00 00 



>A CO 
&C0 






co t» 

JO 00 



I- oo 

«D CO 



196 



A DIGEST OF METABOLISM EXPERIMENTS. 



1 



a 
o 

1 



i 



i 



! 

45 

I 



'S 






PQ 



a 

I 



d 



« 

a 



Is 

3 



- I 



• 

a 









*K>.i9| aj 



*4U)jn ai 



•iA0»«O 

s • • • 



« 9 •<- 

— ^ • • 

O •<• «M 



+ - 






M e4 



« ^ •* 
1^ id «• 



•o 



+ + - -^ + 



o 

I 



00 

e4 



+ + 



, • • • • • • 

,0 9^ M ^ v^ 



00 



CO 00 



e ^ CO <9 
c{ *iJ *iJ fi 



« t.': t- X A « 

C* C\ ^ 9m mi ■^ 



^E **^ * * * * V * -P • • • • • • • ■ m m 



ri\ 



Jeo9e« 



e tH f-i 



I- 



M 



n 



■p^J"! l23ji ^tli^^nz^^tt^ttiit, 1^ 



iiOior» r> 



'UOfiwncx 



■3 

t 

I 





. u%l% 
iiijij 

*• C9 00 



s s s s 

i J i i s 

i 4 i I ^ 

§ s s I § 

a a a I a 

i i i i I 

gd|,dSdEaga 

MO «0 MO U9 &o 



s a 



i i i J 

i i i 
s g 

I i 



a 



s 

i 

a 



4 ^ 

MM 

.CI .N 

,0 MO MO ^e 



.ei .CO 

Ig'li 



1 



! 2 



t- 



5 i 5 



d d 



I i i i g 

1 3 3 s 






♦." ♦* ♦!• 
tit 

a s a 

Ztr ^^ vSs 






6'aSdafl'aa'ad 
^ U^ M>0 M^ «0 



ri=ri 



•^U^PAV 



••Jly 



U)SS8 82S3SS3SS&8&8S3SS 
.9 



t 



i;5 


^ 





1 

•(Zh.) 




t (B.) 




5 







— A I' 



o 






o 



i 



o 



.§ 



% 



o 
•d 



o 
-d 



o o o 

•d -d 'd 



o « 



o 
•d 



■s 



■f. 



I 

,o 
O 



► • • • • • 

® • 

^ : J :::: t ::::::::::: : 

^ o e ooQooeooooooooooe 
g'd'd 'd'd'd'd'd'd'd'd'd'd'd'd'd'd'd'd'd 

JK •••••••••••«. «..!,, 

IQ^«« ••••••••••••< ••% 



'aon 
•«;»nqiid JO i>»B(i 



§i§ SiliSiSiiliiiSSiS 



■j^|iiiiiu [V|j»yj 



is§§Siisi§i§9§i§Siil 




19J 



iillfiiHi' 



+ + ++ 



S^5 ^^ ' ^ ^ Z Z ^ Z 



:: 3 : 



3 5 3; ; ; : 



si 5 3 5 



iiiilii 

i \ ii-i-ill 

ll Mi 

I! ■"•"-' 



3 : : ; 



i s i « s s t 



s s s 



H fPPi 



liiiiMiiiinyi 



*A 




lpp|i{ij{ijiii|a|hyj 



E S Ej S^ 3 3 33 



IS S^ 3 a : 



iTTrr 

IMM 



1 



M« 



Hi I 



Hi 






\l ii I ! i 



i I §11 i I 



111 1 1 1 11 



Ji_ ^ijO i i I I I 
It lllill i I I Y 



A DIGEST OF UEtABOLtSlt &Xl>EBtHENt6. 



jft 






illi i 5ll«=i ili^ii^ ill.- 



t 1 



•"*•'" 


13 


3 


^ 


S 


:;: 


: : 


.•■■ 


3 


i 


-4 


■a«IJiiilI 


IS 


i 


t- 


i 


s3s 


^ s 


i^ 


z 


i 


:: 


j -poojil 


is 


i 


s 


i 


S I 


ii 


i 


I 


3 



11 li 11 

'' i' ii 

BUjiHi 

I -if -Is -I 

|a||=3|Js|- 



,p^ 






ill 11 li li 

IHtUUtM 






li 



ir;){tqiu[ jittt^mi I £ 2 S ^ ? — ? S E 

■.^-..m»»| B S B E iiEE fi B 



!l I I i 



it i if 



1 1 






iittJ5Jfttiiii.iMi 



; " 



g ; 3 ; s g a a 5 3 g g j|_s_ 



liiiiil ^ ^"^'^'^'" 



PPW IP: 




\ \ 

I I 



i Mg M S 



H-! 



i ; 
1 1 



N I M i ; 
1111 1 J 1 1 

M M M M M M M ! i i i 

^. ^ S ?, S 4 S ^ i S i S ^S i S S 4 

i i i : : : ; i i i i J H i : i : 
I J ii i si i ij ij ii_i_i J_i 

a r'i ft B a 8 5 • I a II I l"l I 



A DIOBBT OP METABOLISM EXPEB1MENT8. 



k H L 









i i S S i ^ i 



V V V li V V V V i! 

ii ti ti 'A A 'A 'A'i'A 

l5ilSll!i|lillslllll|il.|ll.i 

if 






IS 



lip 
iiili 

u a 



^'k' 



■irt\mau i«(ji>e 



SSI 



S S Z 3 



'I I 



S K :^ S S ; 



SPECIFIC IHVECTIOTJS DISEASES. 



■ J-.l + l+f 4 - +I 



, !i S ^ sS '^''li ^^£ 



°sa sH ■^si ^rm ^fl 3 



III i If 

pi i II 

IMi 






^ z S &32 Sis s% 4 i 



in \i 



==1 !- 



Is' i 



il 



'1^1 



111 



I I S I I I Ml l^i IS % lis SSI §S| 3|S S| I 



g g 2 g I g sgi! ESB eg I! ggp ?ss %n m u i 



202 



A DIOBHT OF METABOLISM EXPERIMENTS. 






A-*» -.*« — _T-# •- •■00 •- -rH •* 

si Itf^ lt-S> Itfl l«-Si 

•^8 a5® «5w «S''-' rtS'* 

a 5-5,^ ^-fiei .9-C^ 3'Cn 

5" C? S -C?"^* •C^'^R -''• 




Pk^ 



1 

|JS3 

A4 Pk 



1 



c^ 



a 






P4 P^ 



•(— )t»oxJO 
(+) «T»0 






CO 

+ 



00 



1 



00 

o 

+ 



o 

+ 



00 «o o 

■ • • 

C« O «D 

I + -f 



CO 



+ + 



'990OJ OJ 



«C»00 t» 






09 



JO ^ 



« 



^ • 



*oa|jii nj 



^rH^ f-l 

K • ■ 



o« e* fo 00 00 ^ n 

f^' <d -^ od o o» t^ 

»-« «»^ »-« o5 »-i iH 



•poojni 






CO 



ee 



« 






m »H »H 
*4 



e« 



3 



00 -^ si 



*ao{i«2nQ 



tMCI 



■S 



& 



I 

I 



f 

I 






s 

S3 



i 



i 



1 
i 

o 



a 

• 

a 

1 

i 

S 



I 

i 

a 

^1 



■ 

8 



18 

a 

i 



So M S 

4 4 i ag 

1 .1 .1 .s| 

'•O _''B ."C 



S| S4 8 S3i 

s«a .as« 



SsaSaSs® 
&S 5)S &S M^ 




1^ 1 



t9S 



It* 







g^ ■ S'* a-* ® 

&g2 SDgEca3 
5S CO 



*»q»i»Ai 



^"^ 

^ 



'oXy 



J* 00 

Si-* 



§ 
I 



10 
a' 



10 



00 



t* 
3 



A 2) S) n ^ 



lA 



s 



S ^ S S SS 8 S 



SI i 
ia 3 



n 






8 



S 



« e o 

25 73 "d 



^ 



3« 






o 
•d 



o 



e 



I 

« 

ee 



I- 



o 
•d 



o 
-a 



> 

I 
I 

phi 



o o 
•d 'd 



o 
•d 



e 
"d 



o 
•d 



o 
•d 






8 80 w 8 



3 S 



'j»quina (Vfiog 



^f^ fH fH •H iH r4<H*^f^ 



I 



SPECIFIC IRFECTI008 DISEASES. 

5 ^ ^ if ti^S h 
iilis If I a ill I liliiiyfllji^ l|| 



1 f t 



I 

III, 



203 

1^ 



1 



!i 3 S 

3 = a 



»J * « I 



3 a' si =3 = 5 = = =g 5 S a 

1!'!"= '" '!s;i:l:»= '!'. 

SilsK 1^ 6s !s Is [81'; IsJsi 

ss.i|i| 6|si|!ls?s?sl aM!| 



s'8» 



g's-s" 



s s s; s s s s I 



i 











il 


S2 


^■2 


ss ss 


^i 


1 = 


"^S 


n^: 



K i'. &=" 

s? aS aj sj sa 

li li U U h 

i| 6| 4- 6| 8| 

^8 ^g "s *8 ^2 

M If 11 If II 






111! 



I J J 

I 1 1 

i i I 

i I S 



J I 



A DIOBffT OP mTABOUm KXPBBnfKrr& 



i! 



lih 



1= 

is 
•I 



1! 
-1 



If 



afO S-T I + + + + 1 + + 1 



""I 1^ 



s ^ if ii H ii it 







11 

1 

IS 


SI II !i I'l II II II n n II 


I 
I 


J' i: i« i> i> J> J' J' 1' !• !• 

i In iininUniuu 

i| i- 6| i| 6- i ij 6= i; i- q 

«| «| af b| «| s| «| s| t- 8| 8| 

II i! fill If II If 11 11 11 li 


11»)0* 


fs 


23SSSSS33Sa 


i 


■«St 


1' 


8»8RSRXX3ltS 




M i M i M M i i 




! M i N i M j ; 

11 1 n 1 1 1 1 1 1 


1 


i 
1 


^i^i^^^^^^j 




i 

5 


1 1 1 1 1 1 1 i i 1 1 


i S E i S i 3 S § 3 1 



ill 



if 

h 1 



II 
ill 



1 
II 



1 t 1 1 


• 5 


+ 


+ 


z 


i 


+ 


Z 

+ 


: : : " 


J d 


" 


J 


3 


" 


■a 


: 1 


S ^ ^ "• 


° i 


S 


z 


Id 


" 


i 


= 1 


3 3°!; 


i 


i 


z 


^ 


^ 


i 


i ! 


• ■* ' " 


""■"•■" 1 



II I! « ip« i; m m 

iiiiiM 




3 7 3 3 



i. 



4 ^ s « -s 



11111 

i 1 1 i r 1 I I 11 Is 



206 



A DIGEST OF METABOLISM EXPEBIMEMT8. 




I 






< 



I 

t 

I 



^ &§ II gill &2 y &i|| i| 



■I- 




! 09 



Cm ' O^ •••••• • ^ • • 



jS* 5" ^ S" 



•^ o 



•S ^ ^' 



I 

a 



u 

C3 



i o 5 o 
"^ ^ "W 



3 o « IT. ^ 



I 



6C 



C 



>» 

5 



3 5 



e o 



e c 



3 O 9 

"w '3 T? 



•ooij 
'joqtuiiu ivp«>g 



9b 9b Oa 



s s 



3 3 



S 9 S 



I- 




tc 





^c'TS bS o SS-3 




Fi — ^ »H "« - . . . 3 



BB ~' •^ 1» QO 



SPECIFIC INFECTIOUS DISEASES. 



207 









p»>i 



. •* _ff N ^ 



^; 






ti? ill 













•*^ Q."** "2 «: "2 ^ o 



fH ¥f k.irf 






^ T^ ^^ _I v^ ^ *«" ^d 

o»«S ©S ©S A 

S| I 

B 




;s 



CI 

p. 

03 05 






pi4 

J 






•-3 •e ?6'5jq ..^ 



27 ^fc^«^ P« 



5 ^ir J 






* o 

2}l 



SB-SI g 



s 



el r 



1 sr SI 

.'a St? 2 6.f^ 













OS 






iS5fi. - «... 

- • o S o . 
«5 S«-'S2 







goo* -^o-^ 
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No. I486. 8eoNo.l678. 

No. 14^. Tbitt experimoDt and Nos. 1858, Table 18, and 2030 and 2040, Table 20, 
were made by Robmann at tbe Medical Institute of tbe University of Berlin in 
1877-78. Tbe object was to investigate tbe excretion of rblorids during fever, that 
is, when tbe body temperature was higher than normal. Tbe subject of No. 1487 
was suffering from typhoid fever. The food consisted of meat, eggs, milk, ete. 
Th<> sodium chlorid was determined in tbe urine and feces and in all the food except 
the meat ; that was calculated, using Voit's value. 

In addition to this test and those noted beyond tbe author Htudied the excretion 
of sodium chlorid by a man in normal health. He himself was tbe subject. The 
test covered 8 days. The daily diet consisted of bread, nnsalted fat, meat, and 5 
grams of salt. Beer and water were consumed as beverages. On an average 9.5 
grams of sodium chlorid were excreted daily in the urine and 0.05 gram in the feoes. 

A test with a female dog weighing about 31 kilograms is recorded. For a number 
of days (until in nitrogen equilibrium) the subject consumed daily 100 grams of 
ship biscuit, 100 grams of umtalted fat, 70 grams of condensed milk, 600 cubic 
centimeters of water, and 2 grams of salt. Tho test proper lasted 7 days. In addi- 
tion to the above diet, on 3 days tbe dog consumed daily 750 grams of meat. This 
quantity of meat contained 0.9 g^m of sodium chlorid. On an average the dog 
excreted daily in the urine 2.7 grams of nitrogen. 

From these experiments and those in the tables beyond tbe conclusion was 
reached by the author that in acute fever the chlorids consumed are not excreted 
in normal quantity in the urine. 

Nos. 1488-1506 were made by Iloesslin in one of the Munich hospitals in 1877-78. At 
this time Rubner was making bis investigations on the digestibility of various article* 
of food by healthy men, and it seemed to the investigator, who was an assistant in the 
hospital, that similar investigations should be made with individuals who were ilL 
The Hubjects were suffering fVom typhoid fever. 

Tlic food was very <'arofully prepared, and every precaution was taken in tbe col- 
lection of tbe excreta. The food was analyzeil in many cases. In some canes — for 
instance, white of egg, yolk of egg, and milk — the composition was estimated from 
Konig*s figures or some other reliable source. The feces were analyzed and the urea 
in the urine was determined. No particular method of separating tbe foces was em- 
ployed. In must cases tbe ex])eriments with the same individual were continuous, 
and tbe various articles of food were such that the feces could bo separated with 
considerabh^ accuracy. The diet is expressed in terms of protein, fat, and carbohy- 
drat<^s. 

In many of tbe experiments the subjects ha<l more or less diarrhea. It was found 
that even when tbe diarrbea was severe tbe dry matter excreted wns not materially 
increase<i. It was found that when the fever was moderate (38-40.5' V. ) ami the diar- 
rhea also moderate the digestion and assimilation of protein, fat, and carbohydrates 
were not much different from that of healthy individuals. 

Tbe questions whether jirotein, fat, or carbohydrates is best for a diet in fever, and 
the influence of tbe consumption of food on high temperature in fever and its dura- 
tion, are discussed at length. 

Nos. 1507-1546 were made by Zasietski in St. Petersburg in 1881-82 (f) to study 
the influence of fever and antipyretics on tbe metabolism and assimilation of the 
protein of milk. Fift<*en experiments are described. Fourte<^n subjects were 
patients witb typhoid fever and one with simple recurrent fever. The treatment 
for reducing tbe temjierature consisted in 9 cases of cold baths, in 4 oases of quinin 
bydrocblorate, and in 2 cases of sodium salicylate. The cold baths bad a temper- 
ature of 22.5^' C. in most cases and lasted 15 minutes. Tbe subject sat in the bath 
up to bis ne<'k, and wat<'r wns ]>oured on tbe bead. Tbis treatment was followed for 
2 or 3 dayn, after which there was a period of 2 or 3 days without treatment. Dur- 
ing tbe whole time the food consisted exclusively of milk and water. There were 
two periods during the fever and a period of 2 or 3 days 16 to 35 days after the cessa- 
tion of the fever. The nitrogen of the milk and feces was determined by the Will- 
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Warreutrapp method, and of the urine by the Seegen method. The phosphates were 
also determined in the urine. The uranium and sodium acetate method was followed. 

The author summarizes his results as follows : 

The metabolism of nitrogen and the excretion of phosphates in the urine decreased 
under the influence of cold baths and in the majority of cases, though in a less 
degree, under the influence of quinin and sodium salicylate. 

Quinin and sodium salicylate increased the quantity of urine in the majority of 
cases and cold baths iu all eases. Cold baths, quinin. and sodium salicylate, also 
improved the assimilation of the solids and the nitrogen of milk in all cases. 

Antipyretics decreased the consumption of water in the majority of cases. Under 
the influence of cold baths the loss of water through the skin and Inngs usually 
decreased. 

During fever the assimilation of the solids and the nitrogen of the milk was not 
so good as when there was no fever. 

These experiments were also published by the author in Ciermau/ his name being 
transliterated Sassetzky. 

Nos. 1547-1563 were made by Khadgi in St. Petersburg in 1888. The object was 
to study the metabolism and assimilation of nitrogen by typhoid-fever patients in 
its qualitative and quantitative relations. Eight experiment-s are described, each 
divided into two periods, (1) during the time of fever, and (2) during convalescence. 
The duration of the periods varied in different cases. In No. 1557 the convalescent 
period was omitted. The food consisted of milk and bread with or without meat 
and broth. The nitrogen of the food, urine, and feces was determined by the 
Kjeldahl-Borodin method, the urea by the Borodin method, and the uric acid by the 
Haycraft method. 

The author arrives at the following conclusions: In all cases the absolute quantity 
of nitrogen iu the urine was less in the first period than in the second. The quanti- 
tative metabolism of nitrogen in the first period, judging from the ratio of the nitro- 
gen excreted in the urin<' to that assimilated, was higher than in the second period. 
In nearly every csise thti metabolism of the first period was inferior in quality to that 
of the second, indicating that the nitrogenous decomposition products undergo more 
complete oxidation during convalescence than during fever. In the majority of cases 
the assimilation was better in the second period than in the first. On an average 
it may b<' represented in the second period by 87.5 per cent and in the first by 83.8 
per cent. 

The author published the results of a number of these experiments in German.' 
His name was transliterated Chadchi. 

No. 1564. See Nos. 2219-2226, Table 24. 

Nos. 1565-1583 were made by Diakonov in St. Petersburg in 1890. The object was 
to investigate the influence of alcohol on the metabolism and assimilation of nitrogen 
in subjeets with typhoid fever. Seven experiments were made with subjects suffer- 
ing from typhoid lever in some form. Five of the experiments were divided into 
three periods of 4 days each. During the> second period alcohol was taken with the 
food. Two experiments consisted of only two periods, one with and one without 
alcohol. Some of the subjects had never before used alcohol, while others had used 
it occasionally. Thc^ food consisted of bread and milk. Each subject consumed dur- 
ing the alcohol period the equivalent of 50 cubic centimeters absolute alcohol. It 
was diluted to 40 Tralles. 

The following conclusions were reached: The temporary use of alcohol lowered 
the assimilation of protein by the typhoid subjects, the eflect being greatest in the 
subjects not used to taking alcohol. It also lessoned the appetite and increased the 
quantity of fecen. The relative and absolute quantities of protein broken down in 
the organism wore decreased. When the assimilation of nitrogen was slightly 
diminishe<l the metabolism of nitrogen was also diminished. When the former was 



» Virchow's Archiv., 94, p. 533. ^ Virchow's Archiv., 131, p. 344. 
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considerably diDiiniHbtid the latter was increased. Daring the alcohol period the 
qualitative metabolism of nitrogen was inferior to that of the other x>eriodSy i. e., 
the quantity of incompletely oxidizi*^ decomposition products in the urine was 
increased; the quantity of urine was increased, and the absolute and relative cleav- 
age of protein was decreased. The general condition of the subjects was improved. 

Nos. 1584-1617 were macle by Matzkevich in St. Petersburg in 1890. The object 
was to investigatt> the influence of copious drinking of water on the assimilation 
and metabolism of nitrogen in typhoid i)iitients. Eight series of experiments are 
described. They were from 16 to 20 days' daration, divided into from three to six 
periods. The subjects were suffering from ileo-typhus. The treatment followed was 
that adapted to the symptoms and was not modified for experimental purposes. Dar- 
ing the fever the subjects received two or three baths a day, and in two cases were 
given tincture strophanthus. A mixed diet wan consumed, which included Stoke's 
mixture.' Large quantities of water (2,000 to 3,000 cubic centimeters) were con- 
sumed daily in one or more periods. The nitrogen of the food, urine, and feces was 
determined by the Kjeldahl-Horodin method. 

The author sums up his results as follows : Tlie assimilation of protein increased 
under the influence of copious drinking of water. The increase was most marked 
at the time of high temperature (in the second period). During convalesence, how- 
ever, the assimilation of protein decreased. The metabolism of nitrogen in three 
oases was least during the period of copious drinking and greatest in tlie following 
period. In general, however, un increase of thc^ metabolism was observed. The 
subjects decreased in weight. This decrease was more or less uniform, the organ- 
ism apparently tending to maintain its weight. Copious water drinking does not 
seem to have any influence on the temperature, pulse, or respiration. Under the 
influence of copious drinking the amount of urine increased and its specific gravity 
diminished. The occurrence of diarrhea does not not preclude copious drinking of 
water. 

Kos. 1618-1633 were ma<le by Gruzdiev in St. Petersburg in 1890. The object waa 
a comparison of the influence of copious and moderate water drinking on the metab- 
olism and asHiuiilation of nitrogen, on the blood pressure, and on excretions of the 
skin and lungs in patients with acute fever. Eight metabolism experiments are 
described. Each experiment lasted 10 days and was divided into 2 equal periods, 
one of copious and one of moderate water drinking. In 5 cases the period of mod- 
erate drinking preceded that of copious drinking; in 3 cases the order was reversed. 
The maximum amount of water drunk during the period of mo<lerate drinking was 
13,869 grams and the minimum 5,725 grams; the maximum during the i>eriod of 
copious drinking was 18,001 grams and the minimum 10,835 gramn. The food con- 
sisted of bread and milk. In several cases meat was eaten also. The nitrogen of 
the food, urine, and feces was determined by the Kjeldahl- Borodin method and the 
nitrogen of the urea by the Horodin method. 

The author briefly sums up the results of his experiments as follows: Copious 
drinking of hot or cold water in febrile diseases intensified the metabolism of 
nitrogen and improved it qualitatively. It improved the assimilation of the nitro- 
gen and increased the arterial tension and the excretions of the skin and lungs. 

In the opinion of the author it is a<lvisable to permit fever patients to drink as 
much water as they desire. If, for any reason, the patient does not ask for water the 
physician should in one way or another enforce copious drinking, within reasonable 
bounds. 

Nos. 1634-1645 were made by Gramatchikov in St. Petersburg in 1890. The chief 
object was the study of the metabolism of the mineral constituents of the organism 
under the influence of fever. iSix experiments are described; in 2 of these the 
metabolinm of nitrogen was also observed. The food consisted of bread and milk, 
and in some cases meat also. 



> Aqua cinnamon i simplicis, vinuni cognacium^ vitellum ovi, tinctura Valeriana), 
sirup simplex. 
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The nitrogen in food, nrine, and feces was determined by the Kjeldahl-Borodin 
method. The mineral salts and snlphuric and phosphoric acids wore also deter- 
mined. 

The author draws the following conclusions : During the fever in all subjects an 
increased excretion of potassium salts was observed; the metabolism of sodium salts 
was increased, but in less degree; the amount of calcium and magnesium salts in 
the organism appeared to vary very little; the metabolism of nitrogen, snlphuric 
and phosphoric acids increased, and the assimilation of nitrogen decreased. 

Nos. 1646-1655 were made by Oeisler in St. Petersburg in 1890, to study the influ- 
enoe of hot enemas on the metabolism and assimilation of nitrogen in subjects with 
typhus abdominalis. 

Five experiments are described, consiRting of two periods of 4 days each. During 
one period the patient was given daily an enema of 1 liter of water of 42-43"^ C. 
The food consisted of milk and bread. During both periods the subjects took tepid 
baths of 35^ C, and were given Stoke's mixture. The nitrogen of the food, urine, 
and feces was determined by the Kjeldahl-Borodin method. The urea of the urine 
was estimated by Borodin's method. 

The author sums up his results as follows: Under the inlluenoe of hot enemas the 
assimilation of nitrogen was decreased, the metabolism of nitrogen was increased, 
and the quantity of extractives in the urine was also slightly increased. 

Nos. 1656-1671 were made by Puritz in St. Pet<irsburg in 1890-1892 in Professor 
Tschndnovski's laboratory. The object was to study the effect of abundant diet 
in typhus abdominalis. As the investigator points out, Graves, in the years 1840- 
1860, was the first to urge the necessity of a rational diet in fevers. Investigators 
since that time have not agreed as to the amount and kind of food, i. e., pro 
tein, fat, or carbohydrates, necessary in such cases, though the opinion is almost 
universal that considerable nourishment is required. The subjects were soldiers and 
were all suffering from typhus abdominalis, though several experiments (Nos. 1666- 
1671) were made after the fever had ceased. Few details of these are recorded. 

Two sorts of diet suggested themselves to the author as ''abundant: '^ (1) A diet 
which contained ])rotein enough to cover the entire nitrogen excretion, which is 
Increased in acute fever, and about the same amount of fat and carbohydrates as 
would be required by a healthy individual of the same weight as the subject; and 
(2) a diet which contained large quantities of carbohydrates and fat and a normal 
quantity of protein. In these experiments a diet of the first type was selected. It 
consisted of meat, bread, milk, Stoke's mixture, tea, coffee, port wine, etc. The diet 
contained about 180 grams of protein, 60 to 90 grams of fat, and about 300 grams of 
carbohydrates. The food and drink were given often, but in small quantities. The 
patients were also given two or three baths per day, but no drugs were prescribed. 
The nitrogen in the food, urine, and feces was determined.* 

For the sake of comparison, in experiments Nos. 1656-1659, the subjects received 
inauiBcient nutriment. Their diet contained on an average 40 grams of protein, 10 
to 20 grams of fat, and 100 to 150 grams of carbohydrates. 

In the experiments during fever 79 to 82 per cent of the nitrogen consumed was 
assimilated, and after the fever ceased 85.6 to 90.5 per cent. During fever the 
nitrogen in the urine was much greater than the amount consumed. The conclusion 
is leached that fever increases metabolinm. 

The following conclusions were also drawn: 

When large quantities of liquid are consumed patients with typhus abdominalis 
can digest very considerable quantities of protein, both during the fever and the 
first days after it has ceased. 

^In Noe. 1663, 1664, and 1670 the figures given by the author for loss of nitrogen 
could not be obtained from his published figures for consumed and excrete<l nitro- 
gen. There is probably an error in the printing or the statement of the data. The 
figures in parentheses were computed by the compilers. 
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I III r} rig f*irftr proiein di^Mli^n ui nort quite no eoMplete wken the diet ia sbasdmoi 
IM U ifi when ihf'. <liei Ui incfiAeieiit. Th^ different perioda of tlM diae— e have very 
little iffTm^ nprni ftMimilatioii. When the diet i* abondant and rich in protein the 
Afnontit of firea in the nrine inereaeee. With abondant diet the amoant of nitrogen 
mf^rtabolized derreaaea, althongh the int#>n«it]r of the metaboliam inereaaea. With 
abnndant iionHnhment the daily loaa of weii^ht and of nitrogen ia alightly dimin- 
iaheil. With an abnndanee of food and water the qnantity of nrine is increased. 
Theae conditions, howeri^r, bare no effect oo the prodnction of albnmen in the urine. 
Abnndant nonrisbment cansea no riae in temperature. 

Neither cfimplications, relapae, nor lengthening of the fever period was obeenred 
whi^n the diet waa abnndant. 

The patients were wore comfortable and the organs performed their functions 
better with an abnndant diet, and conTaleacenee was shorter. 

The article also oontaina many referencea to prerions work. 

Nos. 1B72-1677 were maile by von Boeek in Munich in 1868. The object of these 
experiments was to inrestigate the effect of mercury and iodide on metaboliam in 
subjects with syphilis. The snbjects were a porter and a student. They were aof- 
fering from syphilis in the primary stage and were inmates of the city hospit«L 
The porti'T was robust, bnt the student seemed poorly nonriahe<l and IumI been in 
poor health for some time l>efore his present illness. The diet followed in these 
experiments was rery simple, consisting of eggs, bread, bntt«*r, milk, meat extract, 
and beer. The for>d was prepared by von Boec'k, and food, urine, and feces werr 
analyzeil. In Nos. 1072-1074 the subject was treated with mercury in the form of 
gray ointment and protiodid pills. In Nos. 1075-1677 the subject was treate<l with a 
10 per cent Holntion of hydrio<lic acid ( =rl.49 grams of iodin per day). 

The conclimion is reache«l that in these experiments the drugs used exercised no 
influence on the metabolism of nitrogen. 

No. 1678. This experiment and No. 1486 were made by Renk in 1877 ( ?), and form 
part of an extended investigation of the dietaries of the inmates of a hospital in 
Munirh. The subject in No. 1678 was suffering from syphilis; in No. 1486 the sub- 
ject was reeovering from an attack of typhus ahdominalis. In each case the food 
was a mixed diet consisting of soup, bread, meat, etc. The nitrogen in the urine 
was determine<l, and that in the foo<l was calculated. From the results of other 
investigations the nitrogen in the feces was supplied by the compilers. In both 
coses the diet was hardly snflicient for the needs of the individual. 

No conclusions concerning the income and outgo of nitrogen were drawn by the 
author. 

Nos. 1679-1701 were made by Yakovlyev in St. Petersburg in 1892. The object 
was to study the metabolism and assimilation of nitrogen in subjects with syphilis. 
Heven experiments were made. In three of the experiments, Nos. 1679-1684, the 
subjectit received no special medical treatment. These experiments were divided 
into two periods, the lirst before the appearance of the roseolas and the second 
after its appearance. 

In Nos. 1085-1698 the snbjects were treati^d with ungnentum hydrarjryri duplex, 
and in Nos. 1699-1701 the subject was given subcutaneous injections of corrosive- 
sublimate solution. 

The food conslHtcd of a mixed diet. The nitrogen in the food, urine, and feces was 
dot4;nnined by the Kjeldahl-Horodin method. 

The following conclusions were reached: The quantitative metabolism of nitro- 
gen increases during the first eruptive stage of syphilis, while the (pialitative 
metabolism decreases. The assimilation of nitrogen also decreases. Under the 
inilnenco of treatment with mercury Mie assimilation of nitrogen usually improves, 
while the inetabolisni of nitrogen is lowered. 

Nos. 1702-1714. See Nos. 1355-1357, Table 12. 

Nos. 1715-1759 were niadc^ by Frolov in 8t. Petersburg in 1893. The object was to 
study the iuUueuce of treatment with mercury upon the metabolism and assimilation 
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of nitrogen in subjects with syphilift recidiva and in those with the disease in earlier 
stages. Eleven experiments were made, of from 8 to 15 days^ duration. They were 
divided into periods Of 3 or 3 and 2 days. On the lirst day of one or more periods 
the subjects were given an in^jection of salicylate of mercury suspended in liquid 
vaselin. In several instances injections of vaselin alone were given. 

The food consisted of a mixed diet. The nitrogen in the food, urine, and feces was 
determined by the Kjeldahl-Borodin method. 

The following conclusions were reached: Injections of salicylate of mercury 
increased the qualitative metabolism of nitrogen in subjects with syphilis recidiva, 
although the assimilation of nitrogen was sometimes lowered. If, however, the 
metabolism of nitrogen was very intense and the assimilation bad, as is the case in 
the first stages of the disease, injections of salicylate of mercury lowered the 
metabolism of nitrogen somewhat, while the assimilation was improved and the 
quantity of incompletely oxidized products excreted in the urine was diminished. 
When the disease was left to run its course without treatment, reverse changes in 
the metabolism of nitrogen were observed both in the early and later stages. 

Nos. 1760-1777 were made by Kurlov in St. Petersburg in 1886. The object was to 
investigate the metabolism and assimilation of protein in phthisical subjects fed 
by De Bove's method. The experiments were made with 5 subjects with phthisis. 
The experiments lasted 9 to 17 days, and each was divided into three periods. In 
the first and third periods the dietary conditions were normal or the subjects fasted. 
In the second period the subjects underwent De Bove's forced feeding treatment. 
In most cases a meat powder (prepared in Kariev's laboratory) mixed with milk 
was fed by means of a stomach tubt^, though in a few cases the subjects drank the 
mixture. The nitrogen in the urine and feces was determined in all cases, and the 
nitrogen of the food in some cases. The Kjeldahl-Borodin method was used. 

Owing to relapse one subject (Nos. 176^1774) was treated twice. 

The following conclusions were reached: Under the influence of forced feeding 
the metabolism and assimilation of nitrogen improved, the subjects gained rapidly 
in weight, the appetite improved, the ti^mperature was lowered, and in most cases 
diarrhea was relieved. The general condition improved, the shortness of breath was 
relieved, perspiration and coughing and expectoration decreased, and sleep improved. 

Nos. 1778-1790 were made by Bushuiev in St. Petersburg in 1887. In an extended 
investigation on the influence of creosote in the treatment of phthisis, the author 
studied the metabolism of nitrogen and its qualitative and quantitative relations; 
that is, he determined the ratio between urea and the partially oxidized nitroge- 
nous constituents of urine, including uric acid and extractives. 

Pive experiments are described — 2 with subjects in the first stage of phthisis, 
2 with subjects in the second stage, and 1 with a subject in the last stage. Each 
experiment was divided into three periods — a creosote period of 7 to 8 days pre- 
ceded and followed by a period of 3 or 4 days without creosote. The dose of creosote 
in all cases was 2 or 3 drops administered in the form of pills. The food consumed 
is not stated. The inference is that it was a mixed diet. The nitrogen of the food, 
urine, and feces was determined by the Kjeldahl-Borodin method. 

Among the conclusions reached were the following: The qualitative metabolism 
of nitrogen by the subjects was strikingly lower than that of healthy persons, and 
in treatment with creosote it was lowered still more. The assimilation of nitrogen 
deteriorated markedly under the influence of creosote, while the metabolism of 
nitrogen did not appear to be altered quantitatively. The daily losses in weight 
were less under the influence of creosote than when no creosote was taken. 

Nos. 1778-1780 were not taken into consideration in the conclusions, as the subject 
had an abuost normal temperature and exhibited only slight local symptoms. 

Nos. 1791-1794 were made by Lipski in St. Petersburg in 1888. The object was to 
study the assimilation of kephir. Two of the subjects had phthisis, one had can- 
cer of the (Esophagus, and one was a healthy person. The nitrogen of the food. 



214 A DiaBST OF HETABOLISU EXPBBIIIBHTS. 

nriiie, und feciw wiin •lotutiniiml by tbe K.ieldalil niel.bnd »nd tlip fHt wits detemiinnil 
by tlio Sohxiet methcHl. Thu stilijcots iiHiially received 6 «r Ti/laasesof heptiir adiy 
with citlier food. 

The nuthor drew the following oonaliieions ; Thp nitrogesons and the fatty conatJt- 
iienls of kepbii were iwsimilated liy 1>otli bealthy and diwased »iil>jects, as well m 
tbusa of milk, and tburefore tbe use of ki>phir as a remedy which improvea nutrition 
dKservHs cronsidKration. Putii'nts. ua^iecinlly coustiiuptivea, often tnk<- kcphir more 
willingly than milk. 

Nob. 1795-1798 were mode l>y Levin in St. I'eterebiirK in 1888. The object was to 
study ttie metabotism of nitrogen and phosphomB in subjects witli phtliiaia. tn the 
opinion of tbo author, atinultaiiooiiB deternji nation a of the total metabolism of pfaos- 
phoruH and nitrogen are nec«sssry for a knowledge of their mutual relations In 
conBumptlrc patients. 

Four e?qieriraents are described, each lasting 6 days. The food consisted of bread, 
meat, ^nd milk. The nitrogen of (lie food, urini', and feces was detenuiaed by thv 
Kjeldahl-DoTodin uiethnd. The phosphates of the food iLnd feces were determined 
by tbe Sonnenschein method and of tlie urino by titrating with uranium acetate. 

The following conclnsions were reached ; In No. 1795, where the intestinal fanetions 
were normal, the metabolism of nitrogen was as low as TiAd per rent. Tbe inetftb- 
oliam of phosphorus was ponsiilerably lower, namely, 37.2« per cent. This is a 
marked rase of paralloliHm bHwei'U tlie metabolism of phosphorus tiod that of nitro- 
gen. In No. 1796 Himllar relnlionH are n1«erveil. The extremely low flgurea fbr the 
phosphates in tbe urine are very noticeabhi. This was donbtless due to the very poor 
health of the subject, who died sliortly niter tbe close of tbe erperiment. In this 
caiU' the low percentage of metabolism was not due tii impaired digestion, bnt to the 
inability to oxidize tbe food. 

In No. 1797 tbe nnbjuct had fever nil the timo. ate little, and eontiuiially lost 
weight. The metabolism of nitrogen wa« 122,81 per i^eiit and tlie motabolisui of 
pboaphBtes 223.83 per cent. The assimilation of tbe latter whs only 43.10 pi-r cent. 
This is a case of real phosphntnrin. 

Tile Hobjept of No, 1798 had diarrhea. The nietal.i.liim of nitrogen was 93.86 i>er 
cent and of |>hosphorio acid 112.38 per teat. More phospliates were excreted in the 
feres than in the urine, a c^oiidition ueTcr observed in tbe iiietabolism of nitrogen. 

Noe. 1799-1816 were made by Sevastyanov in 8t, IVterabnrg in 1891. The ohjoct 
was to study the metAbolism and assimilation of nitrogen in phthixis patients under 
the inllnence of salt baths. Six exjierimentaare descril)ed. In four experiments the 
subjecta were in tb<i last stages of phthiHis, and in two tbey hod symptoms of incipi- 
ent phthJHis, Eaeb experiment was divided in three periods of 4 days each, and in 
tlie second period salt batlis wen; taken. The baths were prepared by adding snffl- 
cient salt to warm water (35^ f.) to make a 1 per cent solution. The subjects 
remained in the bath for SOmiuntes. They dried themselves lightly, without rinsing 
off tile salt water. 

The food consiati^d of a mixed diet. The nitrogen in the food, urine, and feew 
was determined hy the Kjeldahl-Borinlin method. 

The following conclusions were reached: The aasimilation of nitrogen inoreasod 
during the bath period, and in some coses the increase wa« uoticed dnring tlIl^ period 
alter the baths. The metal>olism of uitrot^u increased qnantitatirely dnring and 
aft«'r tbe bath period, but in both periods it decreased qmilitatively. Tbe snbjecis 
lost weight in most cases during tbe si.^cond and third periods, Under the Infloenee 
of the baths the subjects slept better. 

Nos. 1817, 1818, See Nos. 1964-1971, Table 19. 

Noa. 1819-1839 were mode hy Bochkarev at the University of St, Petersburg in 1899 
and 1893, The object was to study the indnenoe of malt extr:ii't on the metabolism 
and assimilation of nitrogen in phthisis patients. Seven experiments are describ«d. 
The subject of the seventh experiment (Nos, 1887-1889) was in the latt ntnge of ct 
■omption, while tbe others were not so fnr advanced. Each experiment was dirlded 
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into three periods of 4 days each. Malt extract in milk wan ^iven in tlie Rocond 
period. The food consisted of a mixed diet. The nitro^^en in the food, urine, and 
feces was determined by the Kjeldahl- Borodin method. * 

The malt extract exerte<l no influence upon the subject of the seventh experiment. 
From the other experiments the following conclusions are drawn : Malt extract some- 
what improved the appetite, and the thirst was slightly increased. The assimilation 
of nitrogen was increaseil a little and the metabolism very slightly lowere<l. The 
ratio of incompletely oxidized products excreted in the urine to urea was increased; 
that iS; the process of oxidation was diminished. The ratio of neutral sulphur in the 
urine to acid sulphur was decreased. This indicated a decrease in the breaking down 
of nitrogenous tissue. The subjects gained in weight. 

Nos. 1840-1847 were reported by Blnmenfeld. They were made by him or by Spirig 
at the Charit<5 Hospital in Berlin in 1893-94. The object was to investigate the 
assimilation of fat. Tlie subjects were 3 women — hospital patients suffering ft'oni 
consumption. The food consisted of milk, coffee, soup, white bread, etc., and butter 
or lipanin, a preparation of olive oil and oleic acid, which is said to be assimilated 
more e^isily than cod-liver oil. In some cases both butter and lipanin were consumed. 
The nitrogen and fat in the food and the carbohydrates in the bread were determined, 
and also the nitrogen in the urine and the nitrogen and fat in the feces. A number 
of additional experiments were made by Spirig in which the urine was not analyzed. 
The assimilation of lipanin was found to be normal, but it was not more thoroughly 
utilized than butter, although it contains a larger percentage of fat. Lipanin is not 
a more digestible fat than butter. It is useful for consumptive patients when it is 
not possible to give the desired amount of fat in the food in other forms. 

Nos. 1848-1857 were made by Pipping at the laboratory of the Carolinian Medical- 
Surgical Institute in Stockholm in 1890. The object was to determine the influence 
of fever, i. o., a temperature higher than normal, upon the metabolism of children. 
The subjects were children suffering from dii)htheria ( f ). The food consisted of bread 
«gg8, milk, sago soup, and similar articles. The nitrogen in the urine and feces and 
'fthe phosphoric acid in the urine were determined. It is not stated whether the oom- 
jposition of the tood was determined or calculated. In several cases the metabolism 
of the subject was studied some days after the fever period had ceased, when the 
X>Atient was convalescent. 

The following conclusions were reached: Daring the fever period the nitrogen 
^axcretion is usually very much increased in proportion to the amount consumed. 
^Sometimes, however, it remains normal when the patient is well nourished. When 
'^ere is moderate fever, nitrogenous food does not produce increased excretion of 
xiitrogen; on the other hand, it is possible 1)y this means to make up for the breaking 
clown of protein. When the fever is moderate the assimilation of protein is about 
good as in health. The excretion of phosphorus is diminished during fever. 



EXPERIMENTS WITH SUBJECTS SUFFERING FROM CONSTITUTIONAL 

DISEASES. 

In Table 18 are included 87 experiments with men, 9 with women, and 
1 with a child, in which the subjects were suflfering from rheumatism, 
gout, diabetes, or scurvy. In some of the experiments the effect of 
drugs, in others the effect of a special diet, was tested. These and other 
special questions are noted in the text accompanying the table. Some 
of the experiments with diabetic subjects have been made to study the 
general laws of nutrition. All the experiments with diabetic subjects 
in which the balance of income and outgo of carbon was determined in 
addition to nitrogen will be found in Table 26. 



216 



OF METABOUgM EXFESOfESTS. 






— ^-- 5 ft 






2 i 






S5 '-.2 5«-=-z» 










r«i «** -jr ^ 




{ 

M 

i 







* 

1 


•wwjni 


c 


. _ 



>5 



5 



M«|jnvi * 



'P'W'i"! ^ 



•»^ 



-iM4Tun<I 






I 



•^q*i»Ai 



•«3fV 



fl 

o 

i 

s 



E 
I 









^ 



r 



s 

a 















— — ffir- X X— — 



.■^ «rf ■^« *5 si si ^ 



e-«« X 

■ * * ' p 



•a 



«M% 



r*r* ct iO« o • lA 



«3 



r 



Uli 



1' 



S S d 



S^-f t 

' Hi c 

''pi i 

•— "^ •* j_ 
II SC<^* 

■^ • •• «« a 

S£3 ^ s 8 

: : : . a-^c3 

CSC, al-.::* 



$ $ $s s ss s 






n 



S 



o 



fl 

9 
I 



o : o 

s 



o o 



e .OS 

CS 



u 

o 



CS 



— S CO 

o 



9 o o o e e e 



a 



% 



n n 



8S 

00 00 



eon n 

S 00 X 



2$ 

OC 



00 do 00 00 Sx X XXX 



o 

X 



f. 



c s s s 
fttsttO 

2® 3 5^ 

.-•a C _: o 






f? 



« 






C4 



CONSTITUTIONAL DISEASES. 



217 



fa's 

> <J o 

S tsc fli 

roc § 



:ci 






to..® -3 



o3 



4^, 



90 ce 

si' 



+ 



to 
ci 



lA 



Ok 
8 



S* aces.* ••^* fi^*"* ^M p* 

c; lA 00 r- lA 00 O f-< lA CO n r« tA <D e 

n o »H dcioodooopoi-Joo^H 

+ f + ++I fll++ll( 

fl lA rH «DCO t*O<0aOAOOO>Aa <-• 

W ^ r4 •^•H!iA"^.-36dc>drJd.-J 

-♦ CI t* 5^eo NiA'^riMOiwot- a 

d d d t^oD d<-iHidtA<^iAa6Q6 oo 

00 CI o a "^ i>4iAA<Aaoaot'-oo o 

(O C« n <.<>A h>iCI^<SiAiAt''aO» 0» 

« W N •* •»» CO •^ r-i ^ ^ ^ ^ ^ rl i-l 

lA lA lA l^iA '^iA«e«C0«-«eOiAr^ N 



o 

<0 



si 



to 

CO 



lA 



• • • lA 

g S flo 

St'* 

« ? «^ 2 t* 






alii" 



!Q0, 



iC» 



8!?-c5 



♦J-giAlA 

. s s a> 
G* * • 

*' ®c» 

*P2S* 
8 



^ O «' 

• CO S ^ 

^ 9 Co 



!<• « 






<* .- ^ <f» 

Mi. 

• bOB B g 

Islsf 



CO 






CO 



3 



»4 



O 



9 



o 
'3 



lA 

d 

8 



S 
% 



hi 






8 










o 



9 






o o C 

-^ -« BB 
« eC 



O 



O 
-3 



O 
-3 



o 



IS 



o o 



o 






o 



o 
•:3 



o 



I 



O 



e 



8 



eo « 

i s 



CO 



00 



•A 
I- 

00 



«D 
I- 
00 



So 



00 03 
00 



SSI 



3 ii i i 



if LJ 



a i a 



||i ||j|s^^^4j| 







II I i I null 




«iJ i53 3 3 s s 3 3 5 s 

S^^ S S^S S ^ i i i i i i 



lilt 1 11 si 



1 j i : is : ; : : i j 




SS8 a sna % s s t s ^ s a 


*ii. i. i 


ii i I 


■ 


i 1 

1 1 

1 j 


, 


i 

1 


^i S 4 


i\ i ' 


^ 


J 




^ 


^ 




III i S 


n ! 


1 


1 


2 


1 


i 


1 

1 


— 



220 A DIQEBT OF HETABOLffiH EXPERIHENTS. 

ass;; sas^ aaa^ asa: saai zas: sas. 



J T^,,, 


it i 


« 


_=!___ 


H >i a 








■a>n<u<K(i 


1 










V.i ii 


as 


iS 


I'M ii^ !^ 


i 
J, 


111 -1 


II 

Hi 

i"t 


S| 

i 


^*l ii M 


1 


iit ill 

■1^ |i= 




1 


ly i*' ill 
iV ls& III 


■li|»I.'A 


*l M 1 i i 1 


1 '...v 


is » 


S 


3 


s 5 a 




3Mai aaai sasi "aa; saaa sa^i 

iiiiiiijtti 

|ll>^llidlll^lllflifll 


DI8E18E8 221 

^illilill-^iliailli 


i i i t i 1 


* i i * 


s * 3 " n " 


<4 <^ ^ S 


S ^ = 3 S S 


i d 51 a 


sa^a^danjiS 





« i 



« 



n a Si sy sy m s^^ 

S I !! S 1 1 M s » is 

lliilii I 

aiMffiiB'JI. it'll lis s 



liiSlslilll 



i i i 1 i i 1 i i i 




i 1 . 


! n i i i 


^. ^. i ^ 


iii^ii 


1 1 ! 1 
i 1 1 1 


1 i 1 i i i 
i i i i 1 S 



222 



A DIGEST OF METABOLISM EXPERIMENTS. 



ae a " e aa r a eta •' a a e 









o8g;8o88«8 o si ; 3 c 8 8 S 8 

liiiiiiir 



8 

^ 



•9 



fl " 8 « " c o 

*:8ssr22a§ 

a 



& ? 



1 = 1 



a 







^ ^ i 



i i 



I 






'•909J UJ 

poojni 



m 



'aof)«iii0 



It 


e4 


• 

1 


i-- 




3.1 


IS 


Si 


81.2 


«3 


ji 


CO 


1 


M 


n 



^ «j r4 

+ + -I 

« •-« »H 

eQ e4 CO 



0» (O 

• • 

1 + 


o 


C« CI 

ei ci 


8.6 



C9 



2 SS li 



•A p* 0» 

cj ^* Si 



lA 



M ■« eo 

S4 ^ 3^ 

moo 

Si s^ si 

lA lO lO 



s. 

1 



» • 

001 



^ . 



45s 



^$1 

^1 






II 






11 

-6 



§1 



8 

CO 



8 






ag'8^«S 



a 






i|a|i§| 

ami 

© p*© 82 sr^ 



1=1 



1^3 



ri 

ili 

8*1 





r^ 


CO 


o 


CO 


CO 


■^ 


t- 


1- 


t- 


^ 


15 


n 



o o e 

rs na "^ 



3 S O 

•O "O -c 



'joqnma (vpog 



« (o «r 

00 00 00 



§ 



© 



i i s 

?5 1-^ »H 



3 3 



CONSTITUTIONAL DISEASES. 



223 






-« 
§ 



-a 

a, 

s 






« 

•*> 

(3 

e 

•«^ 

§ b 6 6 



CO 


a» 


w 


oo 


00 


i-( 


ei 


o 


• 


■ r^ 


eo 


• 


+ 


+ 


+ 


1 


+ 


1 



■ • 



« 



r-l CO M5 

• • ■ 

M » f 



U> 



CI 



CO KS t>- 

^ M i-l 



lA 10 O 

a6 A ^ 

^ €4 d 






Ok 

Si 



1-1 tr^ 

• • 

O A 

CO •-• 



M 
CO 






lO 



m lA 



lO 




^ 


c» 


rH 


<D 


O) 


oo 




• 


« 


» 


• 


a 


to 


lA 


CI 


S 


s 


3 


•^ 


■^ 


■^ 


-1' 


?! 


•# 


esi 


C4 


N 


CI 


Cl 



too 

;- •- ^ 



c o 



^ 



o 



o o 



-S 'S 



<D 


« 


CO 


<o 


CO 


CO 


OC 


CO 


00 


CO 


CO 


OC 


t-l 


^^ 


tH 


t-l 






s 



o 


r-l 


CI 


« 


-* 


o 


in 


lO 


1."^ 


o 


o> 


a 


a 


o> 


Oft 







o 2 !3 ®'^t5«) 

5 6^ -a 8^3 

is ^'^w^'S 






•§5^ 3»ol^ 

8^" 







2 St- ^ 




N ^ S2 - -J 




224 A DIGEST OF METABOLISM EXPERIMENTS. 

No. 1858. See No. 1487, Table 17. 

No8. 1859-1869 were made by Voi^el at the Charitd Hospital in Berlin in 1892. The 
object wan to Htndy the effect of gout on mctabolittni. The HiibjtM-ts worct 3 men 
suffering from gout, who were patients in the hospital. Two expc^riments (Nos. 818 
and 819, Table 9) ma<le by von Noorden with a healthy man, a laboratory servant, 
are also reported for purposes of comparison. The food consisted of a mixed diet of 
bread, potatoes, beans, etc. With a few exceptions it waci all analyzed. In a num- 
ber of cases pipirizin was taken as a remedial agent. This increased the daily nitro- 
gen consumption materially. The nitrogen and fat in the feces were determined, 
and also the total nitrogen, urea, uric a<*id, and xanthin compounds in the urine. 
The ammonia in the uriuo was determined by difference. With oa<'h of the three 
patients there was a marked retention of nitrogen, although, as the author remarks, 
there was nothing in the diet or condition of the patient which indicated that such 
would be the case. In two cases this was more marked after taking pipirizin, yet 
yon Noorden's experiment with a healthy man showed that this Hubstance did not 
cauHe a retention of uitrogc>n. 

The nitrogen metabolism in cases of gout is regarded as very like that in cases of 
disease of the kidneyH. It was found that the UAsimilation of fat was about the 
same aH in the case of normal individaals^ while the assimilation of nitrogen was 
apparently not nearly as good. The conclusion is also reached that in cases of goat 
there is often a proportional increase in the excreticm of uric acid, xanthin, etc., 
owing to a dccrea8<> in the amount of urea t^xcreted. An absolute increase in tho 
uric-acid excretion Ih, however, donbtful, and ibr xanthin, etc., is certainly not the 
case. 

The article contains much historical and other information intereNting from a 
me4H(;al standpoint. 

Nos. 187Q-1 875 were made by Gaehtgens at the medical department of th(> Univer- 
sity of Dorpat in 1866. The object was a comparison of th»^ metabolisui of a man 
with diabetes with that of a healthy individual. The lu^althy individual was the 
invcMtigator himself. He was 1.679 meters tall. The other subject was a man who 
had diabetes. He was 1.62 meters tall. The food consisttMl of milk, butter, sonp, 
meat, >vhite bread, rye brcjul, bolted rye bread, etc. Tea, coffee, and water were 
used as beverages. In experiments Nos. 1872 and 1873 sodium bicarbonate was taken 
with the tbod, and in Noh. 1S74 and 1875 sodium benzoato. Tlie two sulijects occu- 
pied tbe same room and i)erformed approximately the s;nno amount of work. The 
composition of the food and feces was computed from tlie figurrs obtained by Voit, 
Kanke, C. Schmidt, Barral, and Bidder and Schmidt. The urea, sodium chlorid, and 
sulphuric and j)hosphoric acidw, thc^ 8j»eciflc gravity and reaction of the urine of both 
subjects and the sugar in the diabetic urine were determined, and on 6 days the 
kreatin and on 5 days (the so<liuni benxoate period) the hii)puric acid also. Keconls 
of temperature, pulwo, respiration, and variation in weight were also kept in each 
test. The metabolism of the two hubjects is discussed in detail. An attempt wtis 
made to compute the balance of hydrogen, oxygen, and water. The resultH are not 
included in the tables, since no a<'count is taken of respiratory i>roducts. In the first 
and second tests the man with diabetes lost and the healthy subject gained nitrogen. 
In the tliird test both gained nitrogen. 

Nos. 1876 and 1877 were made by Levin. The object was an investigation of the 
metabolism of ]>hoHphoruH and nitrogen in diabetes mellitus. The subject was a 
merchant suffering from interniitt<mt diabetes. The experiment laste^l 10 days and 
was divided into two equal pc'riods. In the first period the conditions were normal 
and in the second the ])atient took daily a half-hour bath of 35^- C. The food consistiMl 
of a mixed diet. The nitrogen of the food, urine, and feces was detennined by the 
Kjehlahl-Borodin method, and the ])hosphoruH by titrating with nrarium acetate 
(Pincus method). 

The author sums uj» his results as follows: To draw conclusions concerning the 
metabolism of x)hosphorus from tht^ amount of the ])hosphates in the urine is even 
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lesH perriiisHible than to judge of the metabolism of nitrogen by the amount of nitro- 
gen in the urine. In the above exjieriment the subjet^t excrete<l considerably more 
phosphates than a healthy man, but he excreted nmch less tlian he assimilated, so 
that the mean metabolism of phosphates for 10 days was 78.36 X)er cent. This is con- 
siderably less than the normal amount for a healthy man (about 89 per cent). The 
mean metabolism of nitrogen was 89.86 per cent. The metabolism of phosphorus, as 
compared with the metabolism of uitrogen, was, therefore, considerably lower than 
in a healthy man. 

The te])id baths produced a slight increase in the metabolism of nitrogen. 
Whether the marked increase in the metabolism of phosphorus (from 68.55 to 94.67 
per cent) during the bath periotl is to be ascribed to the induenco of the t<e]dd baths 
can bo settled only by further investigations. 

Nos. 1878-1882 were made by .Jaweiu. The object was to study the metabolism of 
nitrogen in diabetes. Two experiments were completed and a third was begun but 
not finished. The first experiment (Nos. 1878-1881) was divided into four periods. In 
the first period (7 <lays) the conditions were normal ; in the second ^5 days) the patient 
received 10 grams of sodium bicarbonate daily; in the third period (4 days) an 
abundant though not absolute protein diet was maintained, and in the fourth 
period (5 days) the conditions were again normal. 

The second experiment (No. 1882) consisted of one period under usual conditions. 

The nitrogen in the food, urine, and feces was determined by the Kjeldahl- Borodin 
method ; the nitrogen of the urea by the Borodin method. The extractives were sepa- 
rated with Chavane and Richet's reagent. Uric acid was estimated by the Haycraft 
method. 

The author draws the following conclusions: While using sodium bicarbonate tlie 
metabolism of nitrogen was considerably lowered, viz, from 99.79 to 93.82 per cent, 
the quantity of extractives decreased, the quantity of uric acid increased, and the 
assimilation of nitrogen was not changed. 

The iufiuence of sodium bicarbonate on the quantity of sugar in the urine was not 
clear in these experiments. 

On a very abundant protein diet the metabolism of nitrogen increased from 99.79 
per cent to 127.86 per cent, the assimilation of nitrogen decreased, the quantity of 
nitrogen of extractives increased, the ratio of nitrogen of extractives to that of urea 
increased, and the quantity of uric acid also increased. 

Nos. 1883-1886 were made by Fritz Voit in the laboratory of the Physiological 
Institute at Munich in 189l(?). The object was to see whether a ]>er8on with 
diabetes re(iuired more protein than a normal individual when the diet consisted 
of protein and fat only and would produce very little sugar. The subjects were a 
healthy nuin and a man suffering from diabetes. The latter had been in the Munich 
hospital for 8ome time, and as he followed a dietary which contained no carbohy- 
drates the amount of sugar excreted in the urine was very small. 

The first experiment lasted 6 days and the second 4 days. The diet during the 
experiments consisted of meat, milk, butter, bacon, and wine. It contained hardly 
enough protein to supply the needs of either individual, for on the third day of each 
experiment there was a loss of nitrogen, the amount being about the same in each 
case. Food, urine, and feces were analyzed. The conclusion is reached that the two 
organisms utilized the diet in practically the same way and to as much advantage in 
one case as the other. Fat was a protector of protein in each case. W^hen the diet 
contains carbohydrates the diseased organism requires more protein and fat than the 
normal, simply because carbohydrates can not be utilized to protect protein. There 
is, however, a tendency even in the diseased organism to utilize carbohydrates, as 
was shown by No. 1883. On the day following No. 1884 the subject consumed 164 
grams of milk sugar and the same amount of protein and fat as before. Only 70 
grams of sugar reappeared in the urine. The total nitrogen excreted was only 14.9 
grams. On the jjievious day it was 17.3 grams. 

Voit discu^'ses the problem of metabolism in diabetes at considerable length and 
refers to the greater part of the work which had been done on this subject. 
749— No. 45 15* 
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No8. 1965-1962, No. 1564, Table 17, and Noe. 2219-2226, Table 24, were made by 
MUller at the Charity Hospital in Berlin in 1886-1888. The object was to investigate 
the effect of carcinoma on metabolism. The subjects of Nos. 2219-2226, Table 24, 
were suffering from some mental trouble, but were otherwise healthy. They received 
a diet containing an insufficient amount of nitrogen and the experiments were made 
for purposes of comparison. The subjects of Nos. 1955-1962 were suffering from car- 
cinoma, and the subject of No. 1564, Table 17, from typhus abdominalis. 

The food consisti'd of moat, soup, eggs, etc. The feces were separated by means 
of charcoal. The nitrogen in the food, urine, and feces was determined, and in most 
cases the urea of the urine was also determined by titration (Pfliiger's method). 

The subject of No. 1959 died soon after the close of the experiment. With a diet 
containing 1 to 1.5 grams of nitrogen, this subject excreted in the urine an average 
of 2.9 grams of nitrogen daily during the 15 days before death occurred. On the 
first day the excretion of nitrogen was 5.2 grams and on the second day 6.6 grams. 
It then diminished steadily until on the fifteenth day it was 0.3 gram. The feces 
were not collected. 

The author quotes two experiments with a woman 26 years old suffering from some 
mental trouble, in which no food was consumed. On the sixth day of fiisting 4.2 
grams of nitrogen was excreted in the urine. When a little bouillon and egg were 
consumed, 4.4 grams of nitrogen was excreted in the urine. The feces were not 
analyzed. 

The conclusion is reached that carcinoma increases the metabolism of nitrogen. 
Even if the amount consumed was increased it was not i>ossible to prevent a loss of 
nitrogen. 

The medical aspect of these experiments is discussed* at length and the literature 
is reviewed. 

No. 1963 was made by Gaertig at the Charit<S Hospital in Berlin in 1889 ( f ) under 
the direction of von Noorden. The object was to investigate the metabolism of 
nitrogen and chlorin in cases of carcinoma. The subject was a man 58 years old 
suffering from carcinoma (Bsophagi. It was almost impossible for the subject to 
swallow much food or retain it on his stomach. He was therefore fed part of the 
time per rectum. The food taken per os consisted of eggs, meat, milk, and sherry. 
Dnring tlie whole period a considerable amount (equal to 150 grams dry matter) was 
vomited. It contained 5.1 per cent nitrogen and 1.5 per cent sodium chlorid. The 
food taken per rectum consisted of peptone, egg yolk, and grape sugar. The com- 
position of the meat and of the egg yolk was calculated from Yoit's figures, the 
chlorin of the milk from Konig's figures. The composition of the remainder of the 
food and of the urine and feces was determined. 

The following conclusions were reached : The assimilation of the nitrogen of pep- 
tones was very complete. Carcinoma caused a considerable breaking down of the 
protein of the organism. 

Nos. 1964-1971 and No. 1817, Table 17, were made by Laudenheimer at the Medical 
Institute of the University of Berlin in 1891-92. The object was to investigate the 
excretion of chlorids in patients suffering from carcinoma. 

The subjects were 2 women and 3 men, patients in Dr. Leyden's hospital. The 
subjects of NoH. 196-1-1971 were suffering from cancer and the subject of Nos. 1817, 
1818, Table 17, had phthisis. The latter experiment was made for purposes of com- 
parison. The sodium chlorid and nitrogen in food, urine, and feces were determined. 
When food was vomited the sodium chlorid and nitrogen in it were also determined. 

Several other experiments were made, in which the details were not complete 
enough for tabulation in the present compilation. 

The conclusion of the author is that there is no characteristic change in the rela- 
tion of excreted to consumed chlorids caused by carcinoma. 

Nos. 1972-1976 were made by Schopp at the Urban Hospital in Berlin in 1892. No. 
1976 was made by Miiller. The object was to study the metabolism and excretion 
of sodium chlorid in cases of carcinoma. The subjects were 4 women, hospital 
patients, suffering from carcinoma. The food consisted of beef, pork, veal, milk, 
rolls, eggs, artificial butter, cofiee, and beer. The sodium chlorid in the milk, 
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till tier, t'jtfTe,^,, aiHl bread, and in the arioe and feces, waa detemioed. It was eal- 
eulntwl for thf; rri«*at, <%Kgs, and b««r. The nitrogen in the food was also ealealatfed, 
an<l that in the iirinf? wan detemiined. The nitrogen in the feeca was supplied by 
thn com^tWt'Tn from Cbeltitov's f xptf^rimeDts (Xos. 1979 and 19M) in which the nitrogen 

conMiiine^l wjis dimilar in amount. 

T\n'. following conclusions were reached: The relation between the consojnption 
and f^xrretion of Aodiiim rblorid wai* not constant for all ca^es of rsrrinoma. The 
v(*rj marked diminution in the anionnt of chlovin in certain rases of carcinoma 
is intimately connected with the retanlation of the reconstmctive proc e ss es , and 
is cauiMid by the lar^e amoant of chlorin in the secretions due to ulceration. It is 
pro|Kirtional to the f;rowth of the morbid tiMue and indirectly proportional to 
the wasting away of tlie tissues of the body. The idea had b«en advanced by 
some investigators that the diniination in the amoant of chlorin excreted and the 
inereasetfl excretion of urea in carcinoma p<»inted to an analogy between this disease 
and acute fever. In the autboKs opinion this diminution in the anionnt of chlorin 
excreted in many casen of carcinoma does not point to the fact that cancerons dis- 
eases and fevers have aoythinK in common as regards their origin. The resnlt is 
pro<luced by entirely different cauHes. 

NoH. 1977-19S5 and Nos. 2860-286H, Table 29, were made by Cheltsov in St. Peters- 
burg in ]8>^. The special question studied was the influence of bitter dm;^ (amara) 
on the metaliolism of nitrogen, though the gastric and pancreatic digestion, the 
secTf'fion of bile, and intestinal fermentation were also studied. The subjects were 
men and dogs. Tlie experiments with dogs (Nos. 2860-2868, Table 29) are described 
on page 330. 

Three experiments were made with 2 men suffering from chronic derangement of 
digcHtion. The expcrinientH were divided into three periods. In the first period 
bitter remedien (either extr. absinthii or extr. quassia) were given, and in the second 
and third periods the treatment was omitteil. The fcKKl consisted of bread, meaty 
milk, and water. The nitrogen in the fooil, urine, and feces was determined by the 
Kjeldahl- Borodin methml. 

The conclusion was reached that the assimilation of nitrogen diminished under 
the influence of l>itter reuieilies. 

NoH. 19X8-11192 were made by Mfiller at the Charit<^ Hospital in 1882-«3, to i.tudy 
the effect of Janndicf upon digestion and upon metabolism. 

Tlie subject in Xo. 19K0 was a healthy man. The subjects in Xos. 1987-1989 were 
sufl'ering from some form of jaiindicr, in Nos. 1990 and 1991 from echinococcns hepatis, 
and in No. 1992 from phthisis ]>iilnionalis and starchy degeneration of the intestines 
and glaiidiilariini niesariacani. The investigation includes in addition several diges- 
tion nxperinionts. 

The food consisted of milk, white bread, butter, and in some cases lean beef in 
addition. 

The nitrogen and f[^t in the milk and the fat in the meat were determined. The 
nitrogen in the meat was calculated, using Voit's value, 3.4 ]>er cent. The separation 
of the feces was made with charcoal. The nitrogen, fat, and ash in the feces and 
the nitrogen in the urine yi'ere determined. In some cases the total sulphur, total 
combined sulphur, and neutral sulphur in the urine were also deteniiined. 

The coTicluHion is reached that in canes of simple jaundice the metabolism of pro- 
tein is not affected. When th<' gall was prevented from entering the intestine the 
digestibility of starch was not nuiterially changed, that of protein was very little 
changed, and that of ash was normal or better than in the case of healthy individ- 
uals. The digestibility of fat was not nearly as good as in the case of normal indi- 
viduals. The ex))<'riuientH are discussed at length from a medical standpoint. 

NoM. l!MKi-2()()8 were made by vcm Noorden at the Charit<^ Hospital in Herlin in 
IK89-JK). The object of Nos. il»93-2006 was to investigate the assimilation of food 
in diseases of tin* stoinooh. The object of Nos. 2007 and 2(X)8 was to detiTmine the 
effect of neutrali/ing the hydrochloric acid of the stomach with calcium carbonate. 
The subjects of Nos. 1993-2006 were hospital patients suffering from some disease of 
the st(miach characterized by a deficiency of hydrochloric acid. The subject of Nos. 
2007 aud 200H was well nourished and in goo<l health. 
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The composition of the food was determiued in some cises, in others calculated 
from known data. The nitrogen in the urine and the uitro^^en and fat in the feces 
were determined. 

The conclusion was reached that the assimilation of protein in the subjectH with 
diseased stomachn was amply sntticieut, though the food was not subjt'ct'ed to the 
nonnal stomach digestion with pepsin and hydrochloric acid. The very general 
diminution in the amonnt of nourishment iissimilated by subjects with disejisoof the 
stomach is explain<'d as due to weakness (marasmus). The discussion of the experi- 
ments and the other conclusions drawn are of a me<lical natnre. 

Nos. 2009 and 2010 were made by Sachse in Berlin in 1893. The object was to 
investigate the etiect upon the absorption of nutrieutD of causing the gall to tlow 
continuously into the intestine instead of periodically. The subject was a woman, 
a patient in the Charit<^ Hospital. She had undergone the operation of cholecystos- 
tomy. The food consisted of milk, bread, butter, eggs, and meat. The nitrogen in 
the milk and meat and the fat in the milk and butter were determined. The nitro- 
gen and fat in the bread and eggs were calculated. The nitrogen in the urine and 
feces and the fat in the feces were determined. The conclusion is reached that when 
the gall flows continuously instead of periodically into the intestine the absorption 
of nutrients is not a fleeted. 

Experiments with 2 other subjects are recorded. In these the urine was not col- 
lected. The experiments, therefore, could not be included in the present comx)iIation. 

Nos. 2011-2032 were made by Favitski in St. l^etersburg in 1S88. The object was 
to investigate the qualitative and quantitative metabolism of nitrogen in subjects 
with cirrhosis of the liver. The subjects were hos])ital patients sufl'ering from this 
disease. The food usually consisted of a mixed diet. In several cases milk only was 
consumed. ' 

Seven exj^eriments are described. The nitrogen of the food, urine, and feces was 
determinecl by the Kjeldahl- Borodin method. The urea was usually estimated by the 
Borodin method aft«r precipitating the extractives by phosphomolybdic acid (Thudi- 
cnm's method). In Nos. 2013 and 2015 Byasson's method was employed. The uric 
acid was determineil according to Ludwig's method. 

The subject of No. 2021 was under observation only 8 days since symptoms of 
meningitis appeared, and the patient soon died from this disease. In Nos. 2011 and 
2012 the cirrhosis was in the incipient stage, but was more advanced in all other 
cases. The subjects usually received no treatment at the beginning of the experi- 
ment. Later various therapeutic measures were tried, including the alkaline, milk, 
diuretic, and potassium iodid treatments and faradization. The efl'ect of the difliT- 
eut kinds of treatment is not discussed. The author sums up his results as follows: 

In intensity, though not in quality, the metabolism of nitrogen in the subjects with 
cirrhosis of the liver approaches that of healthy persons on a mixed diet. The 
assimilation of nitrogen was from 84 to 94 per cent, and therefore about normal. 
The quantity of urea excreted during 24 hours varied within wide limits, namely 
from 14 to 45 grams; the usual quantity w^as 25 to 30 grams. The author remarks 
that his observations corroborate the opinion of Harley and of Labadie-Legran that 
the variations iu the quantity of urea excreted are more dependent on the general 
nutrition than on the condition of the liver tissues. 

In the excretion of uric acid wide variations were also observed. In most cases 
they were parallel with the variations of urea. The absolute amount of extractives 
in the urine was not large, and did not vary much from that in healthy man. 

EXPERIMENTS WITH SUBJECTS SUFFERING FROM DISEASES OF THE 

RESPIRATORY SYSTEM. 

In- Table 20 are iii eluded 27 tests with men in which the subjects 
were sutierinji: from pueunionia. In these experiments special questions 
were studied, for instance, the effect of pneumonia on the metiibolism 
and assimiliition of nitrogen, or the effect of some particular treatment 
on the condition of the subject. 
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Nos. 2060-2074 wore made by Dashkevich in St. Petersburg in 1888. The object 
was to stndjthe metabolism of nitrogen in subjects with heart disease in the period 
of deranged compensation. Five experiments are described. All the Eubjects were 
more or less seriously afflicted with heart disease. Each experiment was divided into 
two or three periods. In one period the subjects received no special treatment. In 
the other periods they were given the usual treatment which their Hymptoms seemed 
to demand, either tincture of stroplianthns, digit-alis, cai)*einum natro-salicylinm. 
or tepid Nanheim baths. The food consisted of bread, meat, milk, etc. The separa- 
tion of the feces was made with blackberries. The nitrogen of the food, urine, and 
feces wiis determined by the Kjeldahl -Borodin method, and the nitrogen of the urea 
by Horodin's method, having first removed the extractives by Byasson's method. The 
uric acid was determined in the first 4 experiments by the Haycraft*Ludwig 
method and iu the fifth experiment by Hayeraft's method. 

The following conclusions were reached: In the periods with no special medical 
treatment the metabolism of nitrogen decreased and the ratio of the nitrogen of the 
extractives to that of the urea (1 : 14) was larger than normal. 

When digitalis was given the metabolism increased in every case, i. e., the excre- 
tion of the cleavage products of protein was increased. This may perhaps explain 
the favorable action of digitalis on patients with heart disease. 

The changes iu metabolism due to tincture of strophanthiis were contra<liotory. 

No conclusions can be drawn regarding the eftect of cafifeinum natro-salioylium, 
which was a<lmini8tered in only one case. 

The infiuence of the tepid artificial Nauheim baths on metabolism varied in difier- 
ent cases, though on the whole the subjects were benefited. The author belicwes 
that these baths are permissible in heart diseases, though not in severe cases. 

Nos. 2075-20S0 were made by Grassmann at the Charitd Hospital in Berlin in 
18815-87 to investigate the assimilation of food by subjects with disturbed circula- 
tion. The subjects were hospital patients, 5 women and a man, who were sufi'ering 
from heart disease, which caused such disturbance of the circulation. The food C(m- 
sisted of milk and white bread, and in some cases butter, meat, and eggs were also 
consumed. The nitrogen and fat in the milk, the nitrogen and chlorin in the urine, 
and the nitrogen, fat, and fatty acids in the feces were determined. The composition 
of the meat and eggs was calculated from Voit's figures and the bread from Miiller's. 
The separation of the feces was made with charcoal. Starch grains were not found in 
the feres. The author therefore concludes that the absorption of carbohydrates 
was not disturbed. The assimilation of nitrogen differed very little from the normal. 
The assimilation of fat was diminished. 

Nos. 2081-2084 were made by Schneider at the Charity Hospital in Berlin in 189S-d4. 
The object was to investigate the nitrogen balance of persons with valvular disease 
of the heart. The subjects were 3 women sufifering from this disease. The food 
consisted of a simple mixed diet. The composition of several articles — for instance, 
milk, cocoa, sausage, and potato— was determined. The composition of meat, bread, 
soup, and butter was calculated from analyses made by von Noorden, and the com- 
position of eggs from Voit's figures. The separation of the feces was made with 
charcoal. The nitrogen in the urine and feces and the fat in the feces were 
determined. 

The conclusion is reached that there is no typical relation of tlfe nitrogen balance 
to disease of the heart. The changes in the individual experiments are discussed at 
length. 

Nos. 2085-2095 were made by Husche at the Charity Hospital in Berlin in 1892-93 
to study the nitrogen balance in various stages of heart diseiise. The subjects were 
women sufi'ering from some form of heart disease. The food consisted of a simple 
mixed diet of milk, meat, eggs, etc. The nitrogen in the milk was usually deter- 
mined. The nitrogen, fat, and carbohyclrates iu the porridge, veal, and sausage 
were (leteriiiined. The composition of other articles of food was calculated from 
von Noordeu's and from Konig's figures. The nrine and feces were analyzed. 
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No8. 2060-2074 wore made by Dashkevich in St. Petersburg in 1888. The object 
was to study the metabolism of nitrogen in subjects with heart disease in the period 
of deranged compensation. Five experiments are described. All the subjects were 
more or less seriously afflicted with heart disease. Each experiment was divided into 
two or three periods. In one period the subjects received no special treatment. In 
the other periods they were given the usual treatment which their Hymptoms seemed 
to demand, either tincture of strophanthus, digit-alis, cai)einum natro-salicylinra, 
or tepid Nauheim baths. The food consisted of bread, meat, milk, etc. The separa- 
tion of the feces was made with blackberries. The nitrogen of the food, urine, and 
feces was determined by the Kjeldahl-Borodin method, and the nitrogen of the urea 
by Horodin's method, having first removed the extractives by Byassou's method. The 
uric acid was determined in the first 4 experiments by the Haycraft-Ludwig 
method and in the fifth experiment by Hay craft's method. 

The following conclusions were reached: In the periods with no special medical 
treatment the metabolism of nitrogen decreased and the ratio of the nitrogen of the 
extractives to that of the urea (1 : 14) was larger than normal. 

When digitalis was given the metabolism increased in every case, i. e., the excre- 
tion of the cleavage pro<lucts of protein was increased. This may perha])s explain 
the favorable action of digitalis on patients with heart disease. 

The changes in metabolism due to tincture of strophanthiis were contradictory. 

No conclusions can bo drawn regarding the efl'ect of cafifeinum natro-salicylium, 
which was adininistcred in only one case. 

The infiuence of the tepid artificial Nauheim baths on metabolism varied in difier- 
ent cases, though on the whole the subjects were benefited. The author believes 
that these baths are permissible in heart diseases, though not in severe cases. 

Nos. 2075-20><0 were made by Grassmann at the Charit^S Hospital in Berlin in 
1886-87 to invcHtigate the assimilation of food by subjects with disturbed circula- 
tion. The subjects were hospital patients, 5 women and a man, who were suffering 
from heart disease, which caused such disturbance of the circulation. The food con- 
sisted of milk and white bread, and in some cases butter, meat, and eggs were also 
consumed. The nitrogen and fat in the milk, the nitrogen and chlorin in the urine, 
and the nitrogen, fat, and fatty acids in the feces were determined. The composition 
of the meat and eggs was calculated from Voit's figures and the bread from Miiller*s. 
The separation of the feces was made with charcoal. Starch grains were not found in 
the feces. The author therefore concludes that the absorption of carbohydrates 
was not disturbed. The assimilation of nitrogen difi'ered very little from the normal. 
The assimilation of fat was diminished. 

Nos. 2081-2084 were made by Schneider at the Charity Hospital in Berlin in 189^-94. 
The object was to investigate the nitrogen balance of persons with valvular disease 
of th(^ heart. The subjects were 3 women sufiferiiig from this disease. The food 
consisted of a simple mixed diet. The composition of several articles — for instance, 
milk, cocoa, sausage, and potato^was determined. The composition of meat, bread, 
soup, and butter was calculated from analyses made by von Noorden, and the com- 
position of eggs from Voit's figures. The separation of the feces was made with 
charcoal. The nitrogen in the urine and feces and the fat in the feces were 
determined. 

The conclusion is reached that there is no typical relation of tlfe nitrogen balance 
to disease of the heart. The changes in the individual experiments are discussed at 
length. 

Nos. 20a5-2095 were made by Husche at the Charity Hospital in Berlin in 1892-93 
to study the nitrogen balance in various stages of heart disease. The subjects were 
women safi'ering from some form of heart disease. The food consisted of a simple 
mixed diet of milk, meat, eggs, etc. The nitrogen in the milk was usually deter- 
mined. The nitrogen, fat, and carbohydrates in the porridge, veal, and sausage 
were deternlined. The composition of other articles of food was calculated from 
von Nourden's and from Konig's figures. The urine and feces were analyzed. 
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Tbo following conclnsioiis were reached : Disease of the heart affects the amouDt 
of urine excreted. The increase or decrease of the amount of nitrogen eliminated 
varies in the Bame way as the amount of urine, though the two are not parallel. 
The variations in the nitrogen halance take place more quickly than the variations 
in the quantity of urine. The excretion of nitrogen and fat in the feces and the rela- 
tive amounts of diAerent nitrogenous compounds in the urine were also investigutecl. 

The article contaiuH much matter interesting from a medical standpoint. 

The author, with Vogel and von Noorden," made further investigations on tho eOect 
of heart disease on the excretion of urine and nitrogen. The following deductions 
were drawn : When treatment with digitalis is successful the amount of urine is 
greatly increased and large quantities of nitrogen are removed from the body. 
Very abundant excretion of nitrogen seldom continues more than 2 to 4 days. In 
the experiment's made the nitrogen excretion in the urine exceeded that consumed 
in the food by 10 to 15 grams daily. The increased nitrogen excretion was not 
always regular from day to day, though the diuresis was constant. Sometimes it was 
found that the urine excretion was greatly increased, while the excretion of nitrogen 
was unaiTect^d. Von Noorden is of the opiniou that when the excretion of nitrogen 
is increased the nitrogen which was stored up in anaearcous tissue is removed from 
the body. 

These conclusions are in accord with those of Kobler,- who studied the effect on 
the excretion of nitrogi^n and urine of treating heart disease with digitalin. The 
proportion of difloront nitrogenous constituents in the urine was also Htndi(*d. 
Experiments were maile with 7 subjects, men and women who wore hospital patients 
Buffering from some form of heart disease which cause<l deranged compensation. 
In every case the diet remained the same throughout the test. In one instance digi- 
talis increased the daily excretion of urine from about 400 to 1,100 cubic centimeters. 
The excretion of urea wiis increased from 9.01 to 23.43 grams and the uric acid from 
0.53 to 0.98 gram. In another test the urine was increased from 500 to 2,2(X) tuibic 
centimeters, while the urea excretion was little affected, being increasi'd from 10.9 
to 15.6 grams. In the corres]>onding period the daily excretion of uric acid was 
increased from 0.29 to 0.40 gram. In anothta* case the amount of urine was not 
much increased (from 320 to 700 cubic centi nutters), while in the corresjionding period 
the urea was increased Arom 8. ($4 to 21.42 grams. 

The author was of the opinion that in the period of deranged compensation the 
excretion of urine and nitrogen was diminisheil. Proper treatment, for instauce 
digitalis, in general caused an increased excretion of both urine and urc^i. 

EXPEBIMENTS WITH SUB.IEOTS STTPFEUINQ FROM DISEASES OF THE 

BLOOD AND DUCTLESS GLANDS. 

In Table 22 are included 1 test with a man and 3 with women snifer- 
ing from leucaemia or from chlorosis. In these experiments special 
questions were iuvestijjated. In one instance the effect of inhalation 
of oxygen gas was studied. Other experiments on the effect of varying 
oxygen content in respired air will be found on page 1 70. Teats were 
also made with a subject affected with leucaemia in whicli tlie special 
I>oint studied was tlie influence of the remedial agent employed (Table 
9, Nos. 705-709). Experiments with dogs in which anaemia was arti- 
ficially produced will be found in Table 29, Nos. 2912-2917. 

' Lehrbncli der Patholoj^ie des StoffwerhHelH, p. 326. 
^ Wiener klin. Wochenschr., 4 (1891), p. 375. 
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No8. 2096 and 2097 were made 1>y Burxliinski in St. PeterHburg in 1H89. The object 
was to Btndy the influence of inhaling increased amounts of oxygen on the metabo- 
lism of nitrogen in subjects with leucipmia. 

The subject was a man of middle statnre and well built. He was suffering from 
lenc»*mia. The experiment lasted 12 days. The first G days were under usual condi- 
tions. During the last 6 days the Hubject inhaled 60 liters of oxygen per day. The 
inhalations wore at 1 p. m. and at 6 p. m. Tho nitrogen in tlio food, urine, and feces 
was det<ennined by the Kjeldahl method, the uric acid of the urinri by the Lndwig 
method, and ammonia by SchloHing's method. The extractives of the urine were 
pr(^cipitat<'d with pliosphu-tungstic acid. 

The following conclnsicms were drawn : The metabolism of nitrogen and the quan- 
tity of uric acid, especially in relation to the urea, was increased in the subject with 
leucaemia when oxygen was inhaled. 

No. 2098 was made by Ketchcr in St. Petersburg in 1890 to investigate the metabo- 
lism of nitrogen in chlorosis. The subject was a woman t^^acher. The nitrogen of 
the food, urine, and feces waH determined by the Kjeldabl-Borodin method. 

The following are the author's conclusions: The assimilation of nitrogen in chlo- 
rosis was nonnal. The metabolism of nitrogen was 86.32 per cent — i. e., somewhat 
lower than the mean for healthy persons, but still not below the normal limits. 

The t.otal quantity of nitrogen, the nitrogen of urea, and the amount of chlorids 
and ))hosphates in the urine was less than normal. 

The absolute amount of extractives in the urine was great<'r than normal. 

Nos. 2099-2103 were made by Lipman-Wulf in Berlin in 1891. The object was to 
investigate the influence of chlorosis upon metabolism. The subjects were 8 young 
women suffering fh>m this disease who were under treatment at the Charit(S Hos- 
pital. The investigations wenit not made until the patientn had been in the hospital 
some days. The details of their condition are given in full by the author. The food 
consisted of milk, meat, bread, butter, eggs, soup, beer, wine, and coffee. Analyses 
of food, urine, and feces were made. The assimilation of nitrogen was very gooil, 
and the conclusion is drawn that chlorosis is not a.discam^ which brings about a 
pathological change in the nietabcdism of protein. In these cases the metabolism 
was very much like that of a normal individual. In the diet fat and carbohydrates 
were present in abundance, but the amounts were not great enough to prcMluce any 
abnormal effect in the way of protecting ]>rotein. 

No. 2101 was made by Spirig in 1893 at the (?harit<« Hospital in Berlin. The object 
was to study the assimilation of food in leucaemia. The subject was suffering from 
this disease. The blood contained 1,700,000 red and 137,500 white corpuHcles i»er 
cubie millimeter when the subject was admitted to the hospital. 

A simple mixed diet was consumed, consisting of bread, butter, cheese, sausage, 
meat, etc. The nitrogen, fat, and carbohydrates in the food were det<>rniiucd, also 
the nitrogen in the urine, and the nitrogen and fat in the feces. The assimilation of 
nitrogen an<l fat was not fjuite so good as in the cas(> of a healthy individual. The 
organism gained nitrogen, which is in accord with von Noordcn's theory that leucie- 
mia is not a toxigenic protoplasm disturbing disease. 

EXPERIMENTS WITH SUBJECTS SUFFERING FROM DISEASES OF THE 

KIDNEYS. 

In Table 23 are included 07 testa with men, 6 with women, and 6 
with children, in which the subjects were suffering from nephritis, albu- 
menuria, Jiright's disease, a!nyh>id diseases, or contracted kidney. In 
these experiments special questions were investigated — for instance, 
the effect of the disease on the metabolism and assimilation of nitro- 
gen, or the effect of some particular treatment on the condition of the 
subject. 



I>ISF.ASES OF THE KIDNETS. 



249 



« 

u 

s 

& 



- & is 3 

a « o o 
«^ a 2 ^ 



a o 



CO 



OP 



— > 

•si 

• an • 



? i. 



•5 



if 

5?5 



•( — )flMO[JO I 



.t-to »ce .It* 

M« • * • • • B 

S?40 C^O CQlO 



00 t« 



• • • 




S 



&li 







II 



i & 



9 



CO 

m 



It 

a a 
« E V 
ST w 

a rt • 

•9 * c* 






-t-l- + f- . I I ^l.+ . ++|_ I 



4- 



I I I 



I I 



a 
u 






o 
.« 



09 



'w.).K)j nj 



'oaun ni 



•lH)«j ai 



j*t*u^ mm *HC« '^o 
^.-ii-5 wi-i C90 oci 



^ 






o 



o 



o oci CO 



n 



1-^ « 



^<oio no m<o at-^ -^tan to 

^o>s oa» nn co<o loers -^ 



^^o ^m co^ mo 

f^r:i^ tci «• 00^ 
wMd e5« »H^ i-io 



'iio{)iun([ 






5 



eS 
u 

o 



6q 



CO 

•J 

< 



as 

• • 

mo 

21- 
m 



as 

• • 

il 

rt m 



aa 

• • 



CI CO 



m»v>Ai I tjgs 558 ®g 



' CO 



•i>3v 






a 
o 



V 






m 



oC 



a 
ee 



V 



9 

O 



a 






a 

•4 

O O 



«- -ig 



et 
^ 



^ 



o c o o 






o o 



oom 



oo 



OC O AO o 

ci a6 or4 o 

o m CI o <o 

• • • • • 



c« 

00 



00 



m 



m •* «-i 
• • • 

»^ O "H 



com com mm co'<«ei9 



eg 



m •*•* 



CO 



n 



m eo 




uz 



m m ooi^t-S S wo 



SI s 



CI 
CI 



m mci 



?■. 



I- 

CI 



^ 



m 

00 



CI 



« *• *« 

O O 4, 

'CO-; 

''3 



O 



£ 






•CO M 
• "J? 



o 

•O 







:S 



CO «0 I 

SSI 
00 I 



-j.M|iiiini l«Li<»s 



5« 

C«C1 



o o 

CI CI 



oo i-iC» W^O <D 
Oi-< f-H>-^ ^^r^rS ^^ 

C«C« C4C* CIMC4 CI 



M 



9 AS •-* 



M Met 



£^ 



Si 

CI 






250 



A DIGEST OF METABOLISM EXPERIMENTS. 



I 

a 
o 

I 






I 



s* 



f 

si 

s 



I 






Si 

§ 



•(— )t»o(ao 
(+) a|«o 



*tOOOJ llj 



•pooj m 



*aop«jii(i 



I 



a 

S 

c 



c 






Is 



•51 



5<; 




^ 4 i 



> » § s^ • 

iirl 




8 



d 



3^- 



.fi 9 

I 






> 



i 



•00 

57 






I- 

lA 



1 


1 


«> 


«> 


• 

CO 


«S 






o 

I 






00 









CI 

n 

i-i 

ot 
ci 

r-» 



I 
e<9 oo 

• • 



• t 

^ ot 



1 1 



1 



eg 



1^- 



CO o 



n 

ad 






CI 



o 



o 



00 ^ 



C4 

Ok 



rt iH Ki 



CO 



• • 

t* CO 



5 



k^^9 is' 

9 a«-ir! 



& & & 

2 i i 

^ ^ ^ 

=S « 2 

s a a 

& §) Ui 



CI 






cS &a t^^ociSi 



•^ ■♦< ••N 

2 r= U3 
I. % ^^ 

^i y ^i 

I. t« ^ 





0» 



S S A 



CI 

Oft 



S»' 



C4 e^ CI C4 cl c) 



3§ 



CI 



CI CI 



as 



o o o 

rg H3 r;3 



o 



> 



o 






I 






o e 



o o o 
^ -- »e 



00 



o 
rs 



o 






c* 
c» 



CI 
CI 



5 

CI 



CI 

ei 



a 



ci 



o 
eo 

ci 



CJ 



5 



?i 

« 

CI 



CI 



r5 eo 
CI c5 



i 
pi 



DISEASES OF THE KIDHETS. 






§■ -c I Is 










liii 

IIP 



Vim 



:W«-rllililiiHT 



■■J 






S3 $ 333$333f&l 



&&'«:;£>;; 7 S!i%z 



^ 


1 


^i^^ 


111 


: ; : : : ;a i ; : : i : ia : :5 : : 


4 


s 


S-84, 


is s 


44444444444444444 4 UU 



I liiiiii I iliiiilliliiiilll I ilii 



252 



A DIGEST OF METABOLISM EXPEBIMENT8. 



a 



m 
a 

a 

fl 

is 







:3 
C 



•^1 







a 



^ ^ • • •5? "S -# • • • • • • 



< 
ja 

Ok 

jC3 . S i .11 J fl 9 <4 jc3 •^t'O r*< ,^ .M S (m ^ 



S 

O « 

s » s 

a =' S 






lit 









e 
& 

I 



(+) nj«f) '3 



'H»;K)J 11 1 



oo 

1 + 



71 



• « • • 



Pi 

+ 



CO 



• • « • • • • 

oo o o i-«Qeo 
+ ■+• -F-+-+T + 



•A 



• • • * ■ • « 

o^ o-4«-ioeM 






PI 

-•» 

a 
o 

! 

m 

s 



s 
I 

ca 



•pooj ui 



*noi)«uii<[ 



jM Ok Ok O O O 00 O 00 0^4 
s ■ ■ ■ • • ^* • • ■ • • • • 

•^00 OOOOOOO ^ Ok^ oooo^ 



C4 



o» 

00 
00 



I- 

o' 



^ S a 
sC >e« 



o 
+ 

30 



Oft 



VS 



00 






P^ 



I 

k) 

i 

8 

I 

S. 



a 
8 



s 

Ci' 



u 
«) 

m 







^ 1^ 1 









s 

* ^ s 



'^ 



O W( 



o * ^o ^ 

^ o B w tis 
•^ • • a» • 

StiC 6 St) ^ M' 
e5 ?i w 



u 
ee 



• o 



I 
8 

I 
a 

1 

6 
& 

» 

i 



"^g 



•^u»f»A\ ' :< 



i 



i 

0/ 

Oi 



i 
•Si 

« t. 

S 



2cZ» 



s 

rH 

■ 

O 

'A 

2 

a 

c 
« 



•o.iv 






t^i" i'-i>.i'- 






^ 



^ 



3 








o 





7^ 



e c o 






S 



o 



o o 



o o 









e 






O 



e c o o 



o 

•0 



c o 



•a 

C O O O;0 
•dTS'd'Cj-j 



c 
•9 



•iioiiwa 



i 



S: 

00( 






I 00 






o 

X 



s 



s 



■joquiiiii l«u»f^ 



8 0i-^c»eo ** »AO i-xsiO"^ 

w^ T^tF^^^V^ ^H ^M *H ^4 «i^ _4 r^ <aH 

«>i ASAiAiAs «ci SI «(i «a esi »j »i «a 



M e4C< cve^eie^M 



3 
£3 



00 
CI 






DISEASES OF THE KIDNEYS. 



253 




ST* •«; CM 






fit 

■Si 



■—45 l| 



55« 

^ a« *== 



§^3 



P 
•E 

3 



bco^^M'O 



« o 




« 

a 

« 

«■> 

9 
* 



c o 



JO 



•i 



t- • d • P J 



■3 B B 



5 a ^t^s 

00 ^ 






as 



o o 




«0 


o» m 


f>4 


^ 9 


+ 


+ 1 


lA 


CO 


^ 


• • 

W rH 


A 


a 


3 


• • 





t- eo 


55 




a 


Ui t'- 



CI 



t«ao 

• • 

cip 
+ 1 



N 



1 



+ 






MO 
Ol'- 



• • • • • • 

00 C^lO O CO 



o 



+ + -f++r + + 



dcJ 



OOO 

rH?i 



9 






♦a 
.•H 





^ 



?l 



1 



CO 00 
■"UN 



t^Oft 




10 



-3 

si 
sa 

CO 



«fH 



00 
04 



C4 



S:; 



00 



•ro 
pi pi 



e' 

CO 



(M«9 

• • 

<oco 
t*rH 



iH C0C4 



AOft 

c«i-5 
t»ffi 

00 fH 

00^ 

r-( 



rH C*l .-^ ^H rH r^ ?l w 



CO rH A^QOtO 00 00 

. . ..*• . a 

■^ o ao>no-M o rH 

•—I rH ^H rH f^ f^ 

ifi a C4 oin o rH CO 

* « •••• • • 

O O CO t' t- I- p o 

rH ffl rH ^^ 1.^ 1.^ ^ rH 



n CO eoc»wift « -* 



m P * 

^ i i< 

<D <0 tS 




1 

i 



015 



s 

to z 



o 



SQO 



Ctrl 



C^rH rH 



PI CI ?l M CI 



a 



Cl 



Si 

rH t" 

?-^ 

.a . 

•'J 

CI 



CI 



«a es ^H c^ 
« eoci , 

co'S'^S 

S «D -^i CI 

--: -HI 

. • o ^ 

OS'S 2 

1:^22 



I'- 1^ 

CO CI 



^ 



99 



Si 



miA 



lAiA 



10 n 
^ in 



»ncici CI 



to 

CI 



o 



a a 

a a 

3 O 



at 

a 



M 



a 



•«H— 5 

0»-i 



CS 

a 



o o 



% 



00 






00 00 



c8 




a 

es 

>3 



oSoo C -6 



CS 

1^ 



>< ?5 






e 
a 



Cl 

00 



_o o 



CI CI 



e o 



Cli 



o 



c o o o 



9 
-3 



1 



CI 

00 



d CI CI CI d d CI 

00 00 00 00 00 00 



00 
rH 
C4 



^H 

CI 



00 
^■^ 
CI 



»H 
C4 



09 
00 A 
rHr-1 
ClCl 



0» 

rH 

CI 



09 

» 
rH 

Cl 



rHrH 
CICI 



Ok O A 



e<ici 



A 

rH 

M 



SA ArHCI CO 

A O O O P 

rH rH CI CI CI CI 

Cl C1CIC4C1 Cl 



254 



A DIGEST OF METABOLISM EXPEBIMEinS. 






■5 

I 

I 

H 





•(— )WO[JO 
(+) a|»0 


d 

1 


-IIOOOJ ux 
'oufjii ux 




•lKM)j ux 


*ao|i«jn(X 




I 

u 



•;4»f»AV 



d 

CO 



•0^ 



§ 

i 

d 



hi 



I 



'UO|) 



'joqmnu i«|Jog 









<4 



t^g 



s 



S9 




a 

9 

3 

e 

o 



•s 



N 









MOftCDtOCO 

© ^ t^ l-^ ^ 









10 10 «9 eon 




t- 



aoMOft a 



8 



WW( 



•OC4IO 



s 

id 



d. h k hi H 

■p4 «#4 f^ *^4 •mm 



o 
•a 



CM 



S o o e o 

^•S'O'3'd 



& 



'«! 



IM 



•H t^ ^N 



I 



Ctf 






. di .-I s 







fl^n-^dg^S* 
= 5^2-3 a^-^^l 




3 

® ? CI S . " ^ ** 

-3 .gSNd><l2 

® • • -H CI rH 

ja Ok o r d 84 M 

Hi-4 i-ii-J .Mf^ 

. ^ "S 2 -c "O t* S . 

a ^ ""^ .^ .e (!<j *7 ..T 



c* 

c 

o 






^ . I CI o.* 
•'i tS^d>g 

0*2 na CI jfi <^ 




^H^^ciP^^p;^; 



DISEASES OF THE KIDNEYS. 255 

No8. 2105-2114 were made by Korkoimov at St. Petersburg iu 1886 ( f). The oliject 
YfSM to study the iutiuence of a sudorifio treatmeut on metabolism and the assimila- 
tion of the protein of milk in chronic inflammation of the kidneys. 

Persons were selected as subjects who had well-detined chronic inflammation of 
the kidneys and anarsaca as a prominent symptom. Four experiments were made, 
each divided into two periods. During the experiment the subjects received milk 
exclusively. Before the experiment they received the milk, whit-e bread, aud cut- 
let. The nitrogen of the milk, urine, and feces was determined by the Kjeldahl- 
Borodin method. The albumen in the urine wart estimated by the gravimetric 
method. The sudorific treatment consisted of baths. During the last period of 
each experiment two baths of 40^ C. aud 15 to 25 minutes' duration were given daily. 
After the bath the subjects were wrapped in blankets. 

The following conclusions were reached : The weight of the subjects decreased 
during both periods. At the same time the dropsy dimiuished. In two cases on the 
last day of the experiment the dropsy had entirely disappeared and the weight of 
the patients increased a little. 

The assimilation of the milk varied considerably in different subjects, the limits 
being 82.57 per cent aud 93.83 per cent. 

The more developed the dropsy the poorer the nitrogen assimilation. Under the 
influence of the baths the assimilation improved in every case. The limits were 86 
and 95.39 per cent. During the first period the subjects not only maintained a nitro- 
gen equilibrium, but even gained some nitrogen. Under the sudorific treatment a 
still greater amount of nitrogen was retained. 

Nos. 2115-2138 were made by Grigoriev in St. Petersburg in 1888. The object was 
a study of the quantitative and (jualitative metabolism of nitrogen in diseases of 
the kidneys. The subjects were men suffering from some form of kidney disease. 
Five experiments are described. The general plan followed was to keep the patients 
on an absolute milk diet or a bread and milk diet for several days, this period being 
preceded aud foUowc^d by a period on mixed diet. The nitrogen of the food, urine, 
and feces was determined by the I^eldahl- Borodin method. During the last 4 days 
the subject of Nos. 2115-2117 was given warm baths. 

The subject of experiment Nos. 2120-2132 was under observation 40 days. During 
this time he received alternately a mixed diet and one of milk with bread. The med- 
ical treatment consisted of hot baths and digitalis and similar drugs. The patient 
died. 

The subject of experiment Nos. 2126-2138 was treated with vichy and lithium bro-. 
mid solution and baths of 30^ C. He died some months after the conclusion of the 
experiment. 

The author's general conclusions are as follows : 

The qualitative metabolism of nitrogen in nephritic subjects is inferior to that of 
healthy subjects, while the quantitative metabolism of nitrogen is sometimes inferior 
and sometimes superior. Many conditions iufluence this change. 

The absolute quantities of uric acid and extractives in the urine of nephritic sub- 
jects are not lower than in healthy persons, but the relative amounts are higher than 
the normal. 

The excretion of uric acid and extractives in the urine of nephritic subjects does 
not stand in either direct or inverse relation to the outgo of urea. This indicates 
that these substances are formed by independent processes in the body^. 

The excretion of uric acid iu the urine of nephritic subjects fluctuates less than 
that of extractives. 

The individuality of the subject and the peculiarities of the disease materially 
influence the changes in the metabolism of nitrogen in diseases of the kidneys. This 
accounts for the contradictory results obtained by various investigators. 

Nos. 2139-2180 were made by Prior in Bonn ( f ), in 1889-90, to study the influence of 
the coiisnmi»tion of albumen ujion the functions of the kidneys. The subjects were 
sufleriug from some disease of the kidneys which caused an excretion of albumen in 
the urine. The food consisted of bread, meat, milk, potatoes, and eggs. 
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The BabjectM consamed a diet with a moderate amount of protein for a few dajs, 
then for a short period the amount of protein waH oonsiderahly increased by adding 
eggs to the dietary. The ordinary diet was then r<^umed. In most cases, trials 
were made in which the subjects consumed cooked or raw eggs nlonc. These periods 
were also preceded and followed by periods with the usual diet. Tht^ nitrogen in 
tlu' food was cither determined or calculated from Konig's tables. Thc^ nitrogen in 
the urine and feces was determined and also the albumen, uric acid, phosphoric 
acid, and in some cases the urea and sulphuric acid in the urine. 

The author concludes that coagulated egg albumen consumed with other food or 
alone does not cause an excretion of albumen in the urine iu healthy subjects, nor 
does it have any bad efteot on subjects with albuminuria. When raw egg albumen 
is consumed with other food it does not usually cause an excretion of albumen in 
the urine of healthy individuals, and is also harmless for subjects with albuminuria. 
When raw egg albumen alone is consumed it often causes an excretion of albumen 
in the urine of healthy individuals and increases the excretion of albumen in sub- 
jects suffering from albuminuria. The results vary considerably, however, with 
different forms of kidney disease. 

The article contains many references to previous work, and much matter interest- 
ing from a medieval standpoint. 

Experiments were also madt^ with dogs, rabbits, and guinea pigs, and with healthy 
men. They were not complete metabolism experiments and therefore are not 
included in the present compilation. 

Nos. 2181-2185 were maide by P. Miiller at the Charity Hosi)ita] in Herliu in 1890 
to study the metabolism of nitrogen in chronic nephritis. The subject was a maid 
servant — a patient in the hospital — suffering from this disease. Throughout the 
whole ex])eriment the food was a simple mixed diet consisting of bread, meat, soup, 
l>otatoes, etc., varied somewhat from day to day. The experiment was divided into 
four periods. In Nos. 2181, 2183, and 2185 the diet contained an abundance of nitrogen, 
and in No. 2182 a limited amount. An interval of several weeks separated Nos. 2183 
and 2185. At this time the subject manifested symptoms of granular atrophy (»f 
the kidneys. The feces were separated by means of charcoal. The nitrogen iu the 
food w{Ui calculated from Klemperer's comi»ilation,' which includes many analyses 
of fooils served in the (*harit<^ Hospital. The nitrogen iu the fecoH was determined 
by the Kjeldahl- Borodin methtnl, and the ureav in tlie urine by the Liebig-Ptliiger 
method. The albumen in the urine was estimated by means of Ksbachscher's albn- 
minimeter. 

The following conclusions were drawn: Generally speaking, during the earlier 
stages of the disease the subject gained nitrogen, provi<led the amount consumed 
exceeded 9 or 10 grams 'daily. This gain was observed even when the quantity of 
urine was large. It was possible by diminiHhing the amount of protein consumed 
to prevent a gain of nitrogen, ]»rovided the excretion of urine w:is not excessive. 
W^hen the symptoms of granular atrophy occurred less nitrogen was retained tlian 
before, the amount being inversely proportional to the (luantity of urine excreted. 
When 18.8 grams of nitrogen was consumed daily it was not possible to store up 
nitrogen if the excretion of urine was C(»rre8pon(1ingly large. 

The author discusses the experiments at length from a medical standpoint, with 
special reference to unemla. 

Nos. 2186-2191 were made by von Noorden and Ritter in Professor Gerhardt*s clinic 
in Berlin in 1890-91. The object was to investigate (1) the absorption of nutrients; 
(2) to see if a change in the composition of the diet had an etl'oct on the action of the 
kidneys, and (3) to see if albuminuria was influenced by the diet. Tlie subjects 
were 3 women suffering from some form of kidney diHease. The food consisted of a 
simple mixed diet. The protein was furnished by various combinations of meat, 
milk, and eggs. The sup))osition [of the compilers] is that f he nitrogen and fat were 
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determined in the food and feces, and the nitrogen, albumen, and, in some cases, 
phosphoric acid in the urine. In discussing the outgo of nitrogen in the urine in one 
of the experiments (No. 2191) the author divides the whole time— 24 days — into five 
periods, while in the statements concerning the food and feces the whole time — 27 
days — is divided into six periods. It is presumable that the last 24 days are those 
which correspond to the days on which the outgo of nitrogen in the urine is given. 
They were divided into periods of 5, 4, 4, 6, and 5 days' duration, respectively. The 
nitrogen consumed was derived from milk and eggs in the first period ; from meat, 
milk, and eggs in the second and fourth periods ; from milk in the third period; and 
from milk and meat in the fifth period. Baths which induced sweating were given 
in the last period. 

When the balance of income and outgo is computed on the above basis the 
results obtained difiered somewhat from those given by the authors. The figures 
are therefore not quoted in detail, since it was not certain that the periods in which 
income and outgo were recorded coincided, as was assumed above. 

The conclusion was reached that in kidney disease the amount of nutrients excreted 
in the feces does not differ in any regular way from that in health. The form in 
which protein was consumed had no influence on the action of the kidneys. No con- 
clusion was drawn regarding the influence of the diet on albuminuria. The article 
contains much matter which is interesting from a medical standpoint. 

Nos. 2192-2203 were made by Mann at the first medical clinic of the University 
of Berlin in 1890-91 to investigate the excretion of nitrogen in subjects with diseases 
of the kidneys. The opinions of a number of earlier investigators on this subject 
are quoted. Some of the experiments are referred to in detail. As shown by these 
citations, the opinion is quite general that acute nephritis diminishes the excretion 
of nitrogen . 

The author reports experiments with 4 men. L., 45 years old, was suffering from 
chronic nephritis; N., 54 years old, and H., 29 years old, from sclerosis of the kid- 
neys, and M., 26 years old, from amyloid degeneration of the kidneys. L., M., and 
N. had more or less pronounood edema or anasarca. N. died shortly after the close 
of the test. H. had a very severe attack immediately before the test. With the sub- 
jects L. and N., periods on a mixed diet were followed by periods on an absolute milk 
diet. The mixed diet consumed by L. was believed to furnish as much protein and 
energy as was required, since the subject remained in bed during the test. The milk 
diet furnished considerable less protein and energy. The mixed diet consumed by 
N. was similar in kind and amount to that which he was accustomed to. H. and M. 
consumed a simple diet of milk, rolls, and eggs. All the subjects were given char- 
coal emulsion to facilitate the separation of the feces. The nitrogen in the urine 
and feces, and in all the articles of food except butter, was determined by the Kjel- 
dahl method. The nitrogen in the butter was calculated from Konig's figures. The 
albumen in the urine was usually determined by an Essbach albuminimeter, and 
sometimes by weighing the precipitated albumen. The nitrogen was always deter- 
mined in two samples of urine, the albumen in one sample being first removed by 
precipitation with acetic acid. The author calculated the amount of albumen 
present in the urine by multiplying the difference in the nitrogen content of the two 
samples by 6.25. The results when albumen was thus determined were found to 
agree very closely with those obtained by precipitation and weighing, and were 
more uniform than those obtained by using the Essbach albuminimeter. In every 
case the outgo of nitrogen was less than the income; that is, some nitrogen was 
stored in the body. This was particularly noticeable with the subject of Nos. 2192- 
2196 in the periods on an absolute milk diet, when the food furnished less nitrogen 
and energy than it was believed the subject would require under normal conditions. 

From the experiments as a whole, the conclusion was drawn that in diseases of the 
kidneys nitrogen equilibrium can be reached when only a small amount of nitrogen 
is consumed. If the amount of nitrogen consumed is increased, there is usually a 
749— No. 45 II* ' 
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coDBiderable retention of nitrogen, which is stored up in the edema. If the amonnt 
of nitrogen oonsnmed is diminished, the amonnt excreted increases until nitrogen 
equilibrium is reached. The retention of nitrogen sometimes causes uraemia. 

Nos. 2204-2207 were made by Komblum in the Moabit Hospital in Berlin in 1892 ( f ). 
Some of the analytical work, i. e., on the feces, was dont^ in the laboratory of the 
Pathological Institute. The object of the exx>eriment8 was an investigation of nitro- 
gen metabolism in man where the kidneys were diseased. In speaking of metabolism 
in disease the author says, in effect, there are many diseases, particularly those of a 
more or less morbid nature, which drugs do not permanently reli<'ve. In such cases 
the most Important thing is to so arrange the diet that the subject may be main- 
taine<l in a well-nourished condition as long as possible, and to better his condition 
if he is not well nourished. Investigators have given attention chiefly to protein, 
since it is well known that while fat and carbohydrates may replace each other, or 
under certain conditions be omitted altogether, some protein is absolutely essential. 
The smallest quantity of protein which in combination with fat and rarbohydrates 
will serve for the needs of the body is ealled '^ protein for maintenance." 

The subjects in Korubhim's experiments were 2 patients in the Moabit Hospital, 
one suffering from chronic nephritis and the other from amyloid degeneration of 
the kidneys and phthisis. These men were chosen because it seemed desirable to 
select subjects suffering from some form of Bright's disease. For purposes of com- 
parison with a normal individual several series of experiments were made, in which 
the investigator was himself the subject. The results could not be included in the 
present compilation, since they were not reported with suthcient detail. In the 
experiments made with the men suffering from kidney disease the nitrogen in all 
the food except meat and eggs was determined. For the nitrogen of meat Yoit's 
value, 3.4 per cent, was used. The fat in the meat was calculated from Kdnig*s 
figures. The nitrogen and fat in the eggs were calculated from values given by 
Voit. The carbohydrates, fat, alcohol, and fuel value in the various articles of food 
were calculated from the best available data. The urine was boiled with a little 
acetic acid; the albumen was filtered off and tie term ined. The nitrogen and phos- 
phoric acid in the urine and the nitrogen in the feces were determined also. In 
No. 2207 the nitrogen in the sputa was determined. 

The principal conclusion from these experiments was that there is no diminution 
in the amount of nitrogen excreted due to nephritis, although the nitrogen metabo- 
lism is much retarded by it. 

Nos. 2208-2212 were made by Baginsky in Berlin in 1801-92. ITie object of these 
experiments was to study the pathology of the kidneys during childhood. The sub- 
jects were young girls, ThoHe in Nos. 2208-2211 were puti<'nts in the Emperor and 
Empress Frederick Hospital sufi'ering from nephritis or other disease which caused 
albumen in the urine. The Hubject of No. 2212 had diabetes mellituH. In Nos. 2208- 
2210 the food consisted of milk. In No. 2211 of milk, bread (semmel), and rice, and 
in No. 2212 of meat and eggs, bouillon, cheese, butter, etc., and a little coarse bread 
and spinach. Coffee, red wine, and Carlsbad Miilhbrun water were used as bever- 
ages. The nitrogen in food, urine, and feces was determined. 

From the first 4 experiments (Nos. 2208-2211) the conclusion is drawn that in such 
diseases the kidneys do not excrete nitrogen as well as in health. This tendency can, 
however, be overcome. The greater part of the nitrogen in the urine is in the form 
of urea. 

The discussion of the experiments is largely from a medical standpoint. 

EXPERIMENTS WITH SUBJECTS SUFFERING FROM DISEASES OF THE 

NERVOUS SYSTEM. 

In Table 24 are included 14 tests with women suffering from hysteria. 
The special (luestious investigated are noted in the text accompanying 
the table. 
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No8. 2213, 2214 were made by Bleibtrea at the laboratory of the Phyriologioal Insti- 
tute in Bonn in 1887 ( f ). The object of the investigation was to observe the effect 
of the Woir-Mitchcll cnre on metaboliflm. The Weir-Mitchell cure, which it rec- 
ommended for caees of hysteria, consists in increasing very greatly the food con- 
sumption, particularly the protein, and at the same time employing massage. In 
such treatment it was by no means certain that the increased food was digested and 
benefited the organism. The subject was a woman, 1.66 meters tall. She had been 
ill for many years with an irritation of the spine, which caused hysteria. With great 
difficulty, she could walk a few steps only. She spent most of her time in bed or 
lying on a couch. She ate very little and had a very marked nervous dysi>epsia. 
Part of the spinal region was very tender aud the subject conld not endnre the light. 
She had no organic disease. 

The food, which was very abundant, consisted of meat, milk, eggs, bread, potatoes, 
vegetables, butter, zwieback, and cakes of some sort. No details of the daily food 
consumption are given by the author. The protein of the foo<l was estimated from 
Konig's tables. The nitrogen in the urine was determined. The urine was collected 
for several days, phenol being added as a preservative, and samples were taken for 
analysis. The nitrogen in the feces was determined on 4 days and the mean value, 
7.57 per cent, taken as representing the percentage of undigested protein in the 
feces during the whole period. 

At the dose of the experiment the patient was in good health and could walk 
several hours x>cr day. The lameness in the back had disappeared. She had gained 
15.84 kilograms in weight, and the author calculated that 7.414 kilograms of this 
was muscular tissue. The Weir Mitchell cure in this case was certainly beneficial. 

Nos. 2215-2218 were made by Popov in St. Petersburg in 1889. i'he object was to 
study the influence of hysteria on metabolism. The subject was a girl who suffered 
from hysterical paralysis, local aniesthesis, hypenesthesis, etc. The exx>erimeDt 
lasted 7 days, and was divided into three periods, the first with an exclusive milk diet, 
the second with a diet largely of animal food, and the third with a finh and vegeta- 
ble diet. The patient remained in bed during the experiment. During; the period 
with the animal food (chiefly meat powder) the patient was forced to eat a consid- 
erable amount. 

The nitrogen of the food, urine, and feces was determined by the Kjeldahl- 
Borodin method, the urea by Horodin's method. 

The author had no data which would enable him to compare the metabolism of the 
patient while sufiering with hysteria with her metabolism in health. He endeav- 
ored, therefore, to compare the results obtained by him with the results ordinarily 
accepted for a girl of 18 years in normal health. He draws the following conclu- 
sions : The practical interest in this experiment lies not only in the lowered nutri- 
tion, which suggests somewhat that of hibernating animals, but in the fact that the 
nutrition can be so easily improved by artificial and copious feeding. A forced diet 
appears to be beneficial in cases of enfeebled nervous functions where there is a tend- 
ency in the organism to be maintained on a low level of metabolism. 

Nos. 2219-2226. See Nos. 1955-1962, Table 19. 

EXPERIMENTS WITH SUBJECTS SUFFERINa FROM DISEASES OF THE 

BONES. 

In Table 26 are included 14 tests with men and 1 with a boy suffering 
fh)m diseases of the bones or from fractured bones. The special ques- 
tions Investigated are noted in the text accompanying the table. 
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Kos. 2227-2241 were ina<le by RaspopoT In St. Petenbarg in 1886. The object wm 
to Htady the aaHimilntion of nitrogen and phosphoric acid in snbjeota with dis- 
eaaes of the bones and in healthy Hiibjects nnder similar experimental oonditiona. 
Five experiments were made with healthy and 8 with diseased subjects. The latter 
were persons with chronic disoanes of the bones and with ft«ctured bones. The food 
consisto<l of meat, milk, white bread, and water. The nitrogen in the food, nrine, 
and feces was determined by the Kjeldah I- Borodin method. The phosphoric acid in 
the food, urine, and ash of the feces was detennined by pre(*ipitating hot solntious 
of the phoH]»horie acid with uranium acetate in the presence of acetic acid, using 
potassium ferrocyunid as an indicator. To determine the phosphoric acid combined 
with alkaline earths 100 cubic centimet^'rs of urine was treated with ammonia, to 
precii)itate the alkaline earths, and after 12 hours the precipitate was removed and 
dissolved in citric acid. The hot solution was then treated with uranium acetate, 
as above. 

The following conclusions were drawn : More nitrogen was assimilated by the sub- 
jects with diseased bones than by those in normal health. The healthy subjects 
excreted more nitrogen and phosphoric acid in the urine and more unassimilated 
phosphoric acid in the feces than the diseased subjects — that is, the diseased sub- 
jects retained more nitrogen and phosphoric acid than those in health. The ratio of 
total excreted phosphoric acid to phosphoric acid in combination with alkalies and 
alkaline earths was nearly the same in the diseased and healthy subjects. In one 
instance the metabolism of nitrogen of a subject with fractured bones waA increased, 
and considerably more nitrogen was excreted in the urine and feces than was con- 
sumed in the food. The nitrogen metabolism of the other subjects with firactured 
bones did not show any variation fh)m that of healthy subjects, and the variations in 
the assimilation of phosphoric acid were not uniform. 



EXPERIMENTS IN T77HICH THE BAIiANCE OF NITROQEN AND 

CARBON 'WAS DETERBflNED. 

In the preceding groups have been considered the experiments in 
which the balance of income and outgo of nitrogen was determined 
with or without the balance of phosphorus or other mineral matter. 
These experiments admit among other things of deductions concerning 
the gain or loss of nitrogenous tissues by the subject and the fitness of 
various forms of diet for the subject under different conditions. If the 
gain or loss of fatty tissue is to be taken into account also, the balance 
of carbon with or without that of oxygen and hydrogen must be meas- 
ured, since this is the characteristic element of fatty tissue. A large 
proportion of the carbon excreted by the body is in the form of carbon 
dioxid of the respired air. In order to determine the amount of carbon 
dioxid excreted the amount and composition of the air must be deter- 
mined before and after its respiration. This requires apparatus of a 
special kind, to which the name respiration apparatus has been applied. 

Various forms of respiration apparatus have been devised by a num- 
ber of investigators. They may perhaps for convenience be divided 
into three classes: (1) Those in which the subject remained in a closed 
chamber and was supplied with oxygen to take the place of that with- 
drawn from the air by the processes of respiration. The air in the 
chamber was analyzed at the beginning and end of the experiment. 
(2) Those in which the subject remained in a chamber supplied with a 
current of air, which was measured and analyzed as it entered and left 
the chamber. (3) Those in which the subject was not in a closed 
chamber, but was provided with apparatus which permitted the meas- 
urement and analysis of the inspired and expired air and the determi- 
nation of the respiratory quotient. In several instances the last two 
forms have been combined. 

A summary of the methods and results of respiration experiments, 
including those with man, to about the year 1882, with descriptions of 
the apparatus employed, has been prepared by Zuntz.^ Since that 
time different forms of apparatus have been devised or the older forms 
have been modified, and a large number of experiments have been 
carried out with man and the lower animals. Many were of the class 
in which the respiratory quotient was determined and not the balance 
of income and outgo of carbon. 

RESPIRATION EXPERIMENTS. 

In Table 26 are included 63 tests with men, 1 with a woman, and 1 with 
a child, in which the balance of income and outgo of nitrogen and car- 
bon, and sometimes also of oxygen, hydrogen, and ash, was determined. 
The majority of these experiments were made with a respiration appa- 
ratus. In some of the earlier experiments, however, the balance of 
carbon, oxygen, and hydrogen was computed, and not determined. The 
special form of respiration apparatus used and the questions studied 
are described in the text to the individual experiments. 

1 Hemuann's Handbuch der Physiologie; vol. i, No. 2, pp. 86-162. 
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276 A DIGEST OF METABOLISM EXPERIMENTS. 

Nos. 2242-2246 were maUe by Barral, in Paris, in 1847 and 1848. Tho objects were 
an investigation of the rAle of salt in the orgauiHm and a study of the metabolic 
balance. The former point will not be disonssed in this abstract. The author 
bolioved that, the amount and elementary composition of the liquid and solid matter 
consumed daily being known, it W]ih necessary also to determine the amount and 
elementary composition of the excreta (including respiratory products) in order to 
make a comparison of the income and outgo of the organism. 

The subjects were the investigator, his young son, a laboratory servant, and a 
young woman. The food in these experiments oonsistcil of a mixed diet, which 
included meat, bread, butter, milk, potatoes, etc. The greatest care was used in the 
preparation of the food. The food and drink, urine, and feces were weighed and 
the total solids, the water, carbon, nitrogen, hydrogen, oxygen, chlorin, and ash in 
each were determined by analysis. The methods followed in determining mineral 
matter and water were essentially the same as now ivsed. The carbon, nitrogen, 
hydrogen, and oxygen appear to have been determined by combustion, though the 
fact is not stated. The respiratory products, perspiration, and inspired air were not 
measured or analyzed. The amount of water excreted in the respiratory products 
and perspiration was calculated from the excess of oxygen and hydrogen consumed 
over that excreted in urine and feces. The carbon dioxid in the respiratory products 
was computed from the similar excess of carbon. The excess of nitrogen consumed 
over that in the urine and feces was supposed to be excreted in the perspiration and 
respiratory products. These experiments were made in winter and summer in order 
to eliminate the variation, if any, due to temperature. 

In all of Barral's experiments the income of nitrogen was considerably greater 
than the outgo in the urine and feces. This excess he considered to be a respiratory 
product, and his work is often cited in proof of the theory of the respiratory excre- 
tion of nitrogen. In examining Barral's figures, before innerting them in the present 
compilation, the nitrogen in the meat, as given by him, was multiplied by 6.25, the 
protein factor ordinarily accepted. In almost every case the protein thus obtained 
was equal to or greater than the total meat as given by Harral. Since all meat con- 
tains water and fat as well as protein, HarruTs figures for couHUUied nitrogen are evi- 
dently too high. The t«)tal nitrogen in the meat in the 5 days of No. 2242, for 
instance, as given by Barral, is 85.9 grams. The amount obtained, if Kiinig's fig- 
ures are used to compute it, is 68. 1 grams. In the case of bread, butter, milk, cheese, 
etc., there is almost no variation between the amounts Harral gives and those which 
would be obtained by computation with the aid of Konig's figures. It is evident 
that no conclusions regarding respiratory nitrogen can be drawn from these experi- 
ments, since the consumed nitrogen, as given by the author, is much too high. 

An interesting conclusion reached by the author is that a num radiates 30,000 unite 
of heat per day in summer and 42,000 units )>er day in winter. These values were 
obtained by calculation. 

Barral's work is interesting to-day from an historical standpoint. It is the first 
attempt which has been found by the compilers to determine the complete metabolic 
balance of matter for man in terms of the elements. It is not surprising that errors 
in the analytical work should be found, for methods of analysis were not perfected 
when this work was done. 

An extended historical account of views regarding metabolism of man and animals 
is included in Barral's work. 

NoH. 2247-22411 were reiiorted by Hildesheim in 1856 and form part of an extended 
study of the problems relating to the food of man. It would seem that part of 
the figures in Nos. 2247 and 2248 were obtained from actual experiments, and 
the rest obtained by the author from calculations based on available data. No. 2249 
is the result of calculations based on Barral's and similar work. The subject of Noe. 
2247 and 2248 was a soldier. The diet consisted of bread, meat, butter, peas, etc., in 
both cases and was somewhat more abundant in the hitter. In the author's o])inion 
nitrogen was excreted in the respiratory products and perspiration, and in all 
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the experiment's the calculated values for such excretion are included, the amount 
being ei^ual to the excess of consumed nitrogen over that excreted in the urine and 
feces. In No. 2247 tiie diet was considered insufficient, and it was the author's opin- 
ion that some of the muscular tissue of the organism was metabolized. The amount 
and its composition was calculated. In No. 2249 the daily excretions of a healthy 
man are calculated as well as the diet which would suffice to cover the outgo. The 
figures are included here because they are referred to by Voit in discussing the 
probability of a respiratory excretion of nitrogen. Although the author believes in 
the possibility of respiratory nitrogen, yet the amount he considers to be excreted in 
this way is very small, namely, 0.015 gram out of a tot^l of 18.094 grams consumed. 
The nitrogen excret-ed through the skin is given at 1.399 grams, or 8 per cent of the 
total. 

The author made calculations similar to No. 2249 for a man on a vegetable diet^ on 
a diet of animal food, fasting, etc. In thtrse approximations the composition of the 
food was calculated from analyses made by Bidder and Schmidt, Berzelius, Playfalr, 
BouBsingault, etc. These approximations all include calculations for the balance of 
nitrogen, carbon, water, hydrogen, oxygen, and ash. It is noticeable that the factor 
which must be used to reduce nitrogen to protein is not the same in every case. 

Hildesheim's publication is a very complete compendium of early analytical data. 

Nos. 2250-2255 and Xos. 398-406, Table 7, were miuie by Ranke in the laboratory 
of the Physiological Institute in Munich in 1862, to study the metabolism of nitrogen 
and carbon in man under various dietary conditions. The investigator was himself 
the subject. In Nos. 2250-2252 he was fasting ; in Nos. 2254, 405, and 406 the diet con- 
sisted of meat and fat, and in Nos. 2255 and 398-403 a mixed diet was followeil. The 
food, urine, and feces were analyzed. In the experiments in which the respiratory 
products were measured the apparatus and experimental methods of Pettenkofer and 
Voit were used. Kanko was the first person to enter tlie Pettenkofer respiration 
apparatus for experimcrntal purposes. 

Among the )>rincipal c(mclusions reached were the following: It is possible to so 
arrange a mixed diet that the daily excrt>tion of nitrogen in the urine and feces will 
just equal the amount consumed; but nitrogen equilibrium is not reached unless the 
food contains sufficient carbon as well as nitrogen. A constant ratio between the 
nitrogen and carbon in the food is not necessary for nitrogen equilibrium. When 
the food is insufficient the excretion of nitrogen in the urine and feces is greater 
than the amount consumed, and this would be the case whether nitrogen or carbon 
were lacking in the food. When fasting the nitrogen excretion diminishes more rap* 
idly than the carbon excretion. 

On a diet of meat and fat the subject lost weight. This diet did not supply suffi- 
cient carbon. Consuming large ({uantities of meat caused digestive disturbances. 
When the diet (*ontained no protein the amount of nitrogen excreted in the urine 
was somewhi^t less than during fasting. This diet only slightly increased the excre- 
tion of carbon. The weight of the body is not a direct measure of its condition as 
regards nutrition, owing to the fact that more or less Water is contained in the tissues 
at different times. The experiments and the deductions drawn from them are dis- 
cussed at length both in the publication cited and in a later publication.' 

Nos. 2256-2268 were made by Pettenkofer and Voit in the laboratory of the Physi- 
ological Institute in Munich in 1866-67. The Pettenkofer respiration apparatus was 
employed. The ex]>eriments form one of the most extended and important series of 
their kind yet published. The nitrogen, carbon, hydrogen, and oxygen, and the 
water, protein, fats, carbohydrates, and ash of the income and outgo were either 
determined or estimated. Twelve tests with a watchmaker (Nos. 2256-2267) and I 
with a tailor (No. 2268) are reported. 

The watchmaker was a strong, healthy man. The tailor was not robust. The 
tests each lasted 24 hours. 



^ Ranke, Die Emahrung des Menschen, Munich, 1876. 
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In No8. 2256-2258 do food was consomed and no work was done. A little meat 
extract was taken as a stimnlant. In Nos. 5259-2261 the diet was modere te (mittlere 
Ko8i) and no work was done. In Nos. 2262 and 2263 the same diet was followed bat 
muscular work was performed. In Nos. 2264 and 2265 a dietary rich in protein was fol- 
lowed and no work was done. In No. 2266 a diet which contained no protein was 
consumed and no work was performed. In No. 2267 the diet was abundant. It was 
divided into two parts, and half was consumed daring the day and half during the 
night. In No. 2268 the diet was medium (mittlere Ko8t) and no work was done. 

On the days in which the watchmaker did no muscular work he passed the time 
in reading, cleaning a watch, or other light occupation. The muscular work per- 
formed consisted of turning a lathe, and was rather severe. 

The food consumed was very carefully prepared, only such articles being used as 
were believed to have a known, uniform composition. The meat used was beef, 
which was prepared in Voit's customary way. All visible fat, connective tissue, 
etc., were removed with scissors, and only what was considered to be pure muscle 
was retained. This meat was weighed, then fried in a known quantity of fat, and 
again weighed, the loss in weight being calculated as water. The milk used was 
always from the same cow, the cow being kept on a uniform diet. 

White of egg was either fried in a little fat or made into a sort of cake with 
starch, sugar, and a Httle fat. Soup was made frx)m South American meat extract 
(presumably Liebig*s), salt, and water. It took the entire time of one man to 
prepare, weigh, and cook the required amount of food. Analyses of these various 
foods were not made — the composition was assumed from earlier analyses. The fol- 
lowing table gives the values which- were used : 

Aeeumed oompoeition of food materiaU, 



Food materimU. 



Lean beef (mnsole nearly lY«e 

from fat) 

White of egg 

Bread 

Milk 

Batter 

Fat 

SUrch 

Sagar 

Meat extract 

Beer 

Salt 

Water 



Water- 

free sub- 

stance. 



Per emt, 
24.10 
13.82 
53.05 
12.92 
92.05 



84.21 



08.22 
6.22 

98.19 
0.04 



In water-firee subatanoe. 



Water. 



Per cent. 
75.90 
80.08 
40.35 
87.08 
7.05 



15.79 



31.78 

93.78 

1.81 

09.90 



Carbon. 


Hydro- 
gen. 


Nitro- 
gen. 


Oxygen. 


Per cent. 
12.52 

7.13 
24.37 

7.05 
73.43 
70.50 
37.42 
42.10 
19.60 

2.49 


Per cent. 
1.73 
0.90 
3.40 
1.11 
10.23 
11.90 
5.21 
0.43 
8.90 
0.42 


Per cent. 
3. 40 
1.93 
1.28 
0.03 
0.11 


Per cent. 

5.15 

2.80 

22.33 

3.40 

0.30 

11.00 

41.58 

51.40 

16.16 

2.98 






9.47 
0.07 



















Ash. 



Per cent. 
1.30 
0.41 
2.21 
0.73 



19.19 
0.27 

98.19 
0.04 



The fact that the various articles of food were not analyzed is one of the weak 
points in this investigation, for it has seemed to many critics that the analyses Voit 
depended upon in computing the composition of the food were not sufficiently 
accurate. It was Volt's belief, however, that he and Pettenkofer actually succeeded 
in preparing a diet which was practically unvarying, for under similar conditions 
the following quantities of carbon dioxid and urea were excreted during equal periods 
of time : In the breath 912, 943, and 930 grams of carbon dioxid, and in the urine 
37.2, 35.4, and 37.3 grams of urea. 

The nitrogen in the urine was calculated from the amount of urea as determined 
by the Liebig titration method. The accuracy of the results Ih shown by Petten- 
kofer and Voit in the following table, which gives the amount of nitrogen found by 
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this method and by elementary analysis of a considerable number of the specimens 
collected during the experiments : 

Comparison of two methods of determining nitrogen. 



July 7 

Do 

Angust 3 

December 11. 
December 22. 

Do 

December 27. 

Do 

December 20. 

Do 

January 2 ... 

Do 

January 4 . . . 

Do 

January 7 ... 

Do 



Date. 



186ft-67. 



Day or ni|i:ht. 



Day.. 

Kight 
Day .. 
Night 
Day .. 

do 

Kight 
Day .. 
Kight 
Day .. 
Kight 
Day .. 
Kight 
Day .. 
Kight 
Day .. 
Kight 



Amount 
of urine. 



Qrami. 
846 
497 
726 
451 
855 
477 
315 
723 
644 
653 
608 
822 
1,160 
860 
1.464 
554 
331 



Kitrogen 
calcu- 
lated 
from 
urea. 



Qrama. 

10. OS 

7.33 

9.38 

7.56 

7.42 

5.55 

6.11 

8.96 

8.40 

8.82 

8.59 

10.83 

15.21 

14.61 

17.92 

7.70 

5.23 



Kitrogen 
by ele- 
mentary 
analysis. 



Qramt. 

10.12 

7.24 

9.41 

7.86 

6.97 

5.91 

6.35 

8.22 

8.52 

8.49 

8.39 

10.60 

15.50 

14.90 

17.40 

7.43 

5.13 



The solid matter in the orine was determined by evaporating portions to dryness 
with quartz sand. The ash was usually determined by extracting a weighed portion 
of charred solid mutter with hydrochloric acid until the weight was constant. Some- 
times, however, the charred miiss was extracted with water, then burned in a crucible 
uutil white, the water being added again, evaporated to dryness, and the total residue 
weighed. Carbon iind hydrogen were determined in a number of cases by elementary 
analysis. This would also give oxygen by difference. The oxygen and hydrogen 
computed from the water of the fresh sample were added to these values to give the 
total consumed. It may be inferred, though it is not directly stated by the authors, 
that complete analyses of the urine were not m ide for each day of the experiments, 
but that the composition of urine from medium diet was determined, and this 
assumed to be constant. Determinations of uric, sulphuric, and phosphoric acids 
were also made in some cases. Usually each day the total urine and its content of 
dry matter, ash, and sodium chlorid seem to have be^n all that was actually deter- 
mined. 

The feces were collected each morning, it being assumed that the feces of a partic- 
ular morning were due to the food consumed the preceding day. No charcoal, milk, 
or other material was used to make a separation. The descriptions seem to imply 
that the feces were analyzed once for all, and that the only determinations made each 
day were the total weight, dry matter, and fat. 

The subject was weighed at the beginning and end of each experiment. The bed- 
clothing was also weighed night and morning, as it would absorb more or less per- 
spiration. 

The respiratory products were measured by means of the large Pettenkofer respira- 
tion apparatus. This has been described in detail in a previous publication of this 
Office. » 

Determinations of the volumes of air which left the respiration chamber were 
made, and of the carbon dioxid, water, and methan and hydrogen which this air 
contained. The carbon dioxid and water in the air which entered the respiration 
chamber were also determined. 

The main current of air was drawn from near the bottom and top of the respira- 



' U. S. Dept. Agr., Office of Experiment Stations Bui. 21, p. 107, 
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tion cbftmber by means of a pair of large (valve) air pumps. It passed first throngii 
a large vessel containing pomioe stone and water, in order that it miglit be satorated 
with moisture and not absorb any from the largo meter through which it was next 
drawn to measure its volume. The air finally escaped through the air pumps. The 
volume was 250 to 1,250 liters per minute. The gasometer was believed to be correct 
to 1 part in 1,000. 

Sample currents for analyses were drawn from the outside air close to where it 
entered the respiration chamber, and from the large pipe just after leaving the 
respiration chamber, in order to obtain as fair samples as possible of the air before 
and after passing through the chamber. These sample currents first passed through 
modified Liebig bulbs containing sulphuric acid, and a tube filled with pumice stone 
and sulphuric acid, to absorb and measure the water. The air then passed through m 
mercury pump, then through U-tubes containing water and pumice stone, in order 
that it might be saturated with water and not take up any from the solution of 
barium hydrozid through which it next passed, in order to absorb the carbon dioxid* 
The barium hydroxid solution was contained in two Pottenkofer tubes. The air 
finally escaped after passing through a small gasometer. These sample currents 
measured 80 to 90 cubic centimeters per minute ; that is, about j^az or less of the 
respiratory current. The error in the measurement of this gasometer was believed 
to be about 1 in 1,000. The first Pettenkofer tube contained barium hydroxid solu- 
tion, of which 30 cubic centimeters were equivalent to 90 milligrams carbon dioxid, 
the second a solution of which 30 cubic centimeters were equivalent to 30 milligrams 
carbon dioxid. The solutions were titrated with oxalic acid at the end of the experi- 
ment, to measure the quantity of barium hydroxid not combined with carbon dioxid* 
Tumeric paper was used as an indicator. The error in titration was less than ^\f mil- 
ligram carbon dioxid. The error in measuring the tot<al carbon dioxid produced in 
the chamber was assumed to be less than one-half of 1 per cent of the whole, while 
it was thought that the error in determining the water might be as much as 6 
per cent. 

''The oxygen consumed from the air was calculated by taking the weight of the 
income of food and drink from that of the outgo of urine, feces and respiratory prod- 
ucts (COi and HiO) and then substracting the lone or a<lding the gain in weight of 
the body. The error is believed to be not more than 8.5 per cent of the total oxygen." 

To determine the hydrogen and methan in the respired jiir a seconcl sample was 
taken as before, but previous to its passing through the sulphuric acid bulbs and 
barium hydroxid tubes it was passed through a long tube containing red-hot platinum 
sponge. The hydrogen and methan would thus be burned to carbon dioxid and 
water. From the excess of carbon dioxid and water in this sample over the air 
which was not passed over the platinum sponge the amount of methan and hydrogen 
was calculated. 

Nos. 2269-2274 were made by Pettenkofer and Voit at Munich in 1865-66. The 
large respiration apparatus was used. The subject was a peasant who had been 
accustomed to work in the fields. For some time before the investigation he had 
been unable to work much, but had an unusually good appetite. A difficulty of the 
eyesight brought him to the netice of the physicians, and it was then found that he 
was suffering from diabetes njellitus. The analytical methods and details of the 
experiments were the same as those in Nos. 2256-2268. 

The diet consisted of bread, meat, etc. In No. 2269 no food was consumed. A lit* 
tie bouillon made from beef extract was, however, taken. In No. 2270 the diet was 
mixed and very abundant. In No. 2271 the diet was medium (mittlere Koat.) In 
No. 2272 the diet contained no protein, and in No. 2273 no carbohydrates. No. 2274 
was not a respiration experiment. The diet was rich in protein and poor in carbo- 
hydrates. 

From these experiments the authors conclude that in cases of diabetes the amount 
of protein and fat metabolized is abnormally large. Thus, in No. 2269, with no food, 
%he subject, who weighed about 54 kilograms, lost nitrogen which was the equiva- 
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lent of 826 grams of muscular tissue. Under similar conditions, in No. 2256, the 
healthy subject, weighing 70 kilograms, lost nitrogen which was equivalent to the 
same amonnt of muscular tissue. Ranke (No. 2250) lost nitrogen equivalent to 262 
grams, and the healthy hut poorly nourished tailor (No. 2268), weighing 54 kilo- 
grams, lost nitrogen equivalent to 287 grams mnscular tissue. 

The mixed diet which was suilicient for the laboring man weighing 70 kilograms 
(No. 2262) was not sufficient for the subject with diabetes. He still drew upon the 
fat and protein of his body. 

It was only when the amount of protein consumed was very large, as in Nob. 
2273 and 2274, that the income of nitrogen was equal to the outgo. 

The authors also thought that the diseased organism took less oxygen from the air 
and excreted less carbon dioxid than the normal. Sugar was thought to be a decom- 
position product of the protein. Sugar thus produced, as well as that consumed in 
the food, could not be bnmod to carbon dioxid an-d water, as in a normal. organism, 
owing to the insufficient amount of oxygen. That is, in cases of diabetes it was 
believed that there was a disturbance of the relation between the consumption 
of oxygen and the amount of combustion. 

Yoit > did not hold this idea very long, for he found that under certain conditions 
a person with diabetes could take as much oxygen from the air as a normal indi- 
vidual, and that the taking of oxygen from the air was a secondary process to* com- 
bustion in the organism. 

At this time Voit held the opinion that possibly all the quantitative changes in 
the metabolism of a person having diabetes could be explained on the ground that 
sugar was no longer a nutrient. A healthy laborer who holds his own with a mixed 
diet would certainly lose protein and fat if carbohydrates equivalent to the sugar 
excreted by a person with diabetes were removed from his diet.^ 

No. 2275 was made by Pettenkofer and Voit in the Munich laboratory in 1866. The 
subject was a man suffering from leucocythjjcmia, a disease characterized by an 
increase in the number of white corpuscles and a decrease in the number of red 
corpuscles of the blood. 

After a considerable number of experiments with healthy individuals ha<l been 
made it seemed desirable to the authors to study metabolism under the abnormal 
conditions of disease, hence this experiment and Nos. 2269-2274 were made. 

The large respiration apparatus was used, and all details of manipulation were 
the same as in Nos. 2256-2268. A medium diet was followed, consisting of bread, 
meat, milk, beer, etc. No muscular work was done. 

The conclusion is reached that the subject could utilize as much oxygen as a 
normal individual under the same conditions. 

The authors do not go so far as to say that the red corpuscles of the blood do not 
unite with the oxygen of the air, or that the white corpuscles do this as well as the 
red. They would rather emphasize the fact that the organism possesses a remark- 
able power of accommodation in carrying on its functions normally under disturbing 
conditions. 

No. 2276 was made by Hanriot and Richet in Paris in 1888. Considerable work 
has been d(mo by these investigators. In most cases the object sought was the 
respiratory quotient, i. e., the relation of expired carbon dioxid to inspired oxygen. 
The experiment quoted in the present compilation waa described with very few 
details.^ A natural inference seems to be that the subject was not confined in a 
respiration chamber, but wore a sort of mouthpiece or mask, through which air was 
inspired and expired, the nostrils being closed. The apparatus was provided with a 
valve so that the inspired and expired air would always take the same course. 

The inspired air passed through a gas meter of such accuracy that the total error 

* Hermann^s Handbuch der Physiologie, VI, p. 227. 

«lbid., p. 226. 

» Compt. Rend. Acad. Sci. Paris, 104 (1887), pp. 435 and 1327 ; 105 (1887), p. 76. 
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in measaiing the air wm baliered not to exceed 50 enbie centimetors. Alter pw 
ing throagh the Inngn it was expired and passed through a wash bottle which con- 
tained a rery little water. The air was thus cooled. It next passed throagh m 
second gas meter, and then through a tabe 1.5 meters long, which was filled witii 
broken glass, orer which a spray or shower of potassium hydroxid solution was oon- 
tinnally falling. This alisorbed most of the carbon dioxid. The little which 
remained was absorbed in a solution of barium hydroxid, through which the air next 
passed on its way to a third gas motor. The difference in Tolume of the air whieh 
passed through the first meter and the third meter evidently represents the aoumnt 
of oxygen consumed from the air (provided it all combined with oxygen and was 
excreted as carbon dioxid). The difference between the volume of the air whieh 
passed through the second and third motors showed the amount of carbon dioxid 
produced. 

This method seems to be very well adapted to certain lines of investigation. It is 
evident that the value of the work depends entirely upon the accuracy of the gaa 
motors and the oompletoness of the absorption of carbon dioxid. In 10 experi- 
ments by the authors in which a known quantity of carbon dioxid made from mar- 
ble was passed with a large quantity of air through the absorbers the smallest error 
was per cent and the largest 2.58 per cent. In the latter case the amount of car- 
bon dioxid was 6,800 cubic centimetors and the amount of air 150 litors. The gaa 
meters were especially constructed and were believed to be very accurate. 

In this experiment the food consisted of beef, bread, pototoes, cheese, eto. This 
diet was followed for 15 days. It is not stoted that the food was analyzed. The 
carbon in the urine and feces was calculated. The nitrogen in the urine was detor- 
mined. The authors assumed that no nitrogen is excreted in the feces.* In insert- 
ing the experiment in the present compilation, however, the amount of nitrogen in 
the feces found in No. 2260, where the food was similar, was inserted. 

Nos. 2277-2302 were made by Atwator, Woods, and Benedict at Wesleyan Univer- 
sity in 1895.^ The experiments were carried on by the Storrs Agricultural Experi- 
ment Stotion in cooperation with the United Stotes Department of Agriculture and 
Wesleyan University. The object was to study the metobolism of matter and energy 
in man. In connection with the experiments the apparatus used was modified and 
improved and experimental methods were elaborated. The results are regarded aa 
preliminary. 

The subjects were a laboratory janitor, a chemist, and a physicist — all young men 
in good health. The food consisted of a simple mixed diet, which was in every case 
selected in accordance with the dietary habits of the snbjecte. A respiration appa- 
ratuH of special construction was used. It is similar to that of Pettenkofer and 
Voit, with the addition of apparatus for measuring the energy liberated by the body 
in the form of heat. The inside measuremente of the respiration chamber are, 
length 2.15 meters, width 1.22 meters, and height 1.92 meters. It is provided with 
conveniences for silting, sleeping, eating, and working, as well as arrangemente for 
ventilation and for the study of the respiratory prod uc to. The chamber consisto, in 
f^ct, of three concentric boxes, the inner one of metal and the two outer ones of 
wood. The inner box is double walled, the inner wall being of sheet copper, the 
outer of sheet zinc. The two walls are 8 centimeters apart. This double-walled 
box is held in shape by a wooden framework between the two metal walls. The 
four vertical comers are rounded, as this simplifies the construction and makes the 
apparatus rather more convenient for use. The inside volume is approximately 4.8 
cubic meters. 

An opening in the fV'ont end of the metol chamber 70 centimeters high and 49 
centimeters wide servcM both the purpose of a window and a door for entrance and 
exit. This is hermetically closed with a pane of glass secured in a wooden frame 
with putty. 



1 Compt. Rend. Acad. Sci. Paris, 106 (1888), p. 420. 
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A current of air is pumpod throngh the apparatus and measured by special devices. 
Samples of the incoming and outgoing air were taken for analysis. An inconvenient 
rise in temperature is prevented by a current of cold water which passes through a 
system of pipes inside of the chamber. This device forms a part of the arrange- 
ments for measuring the heat given off from the body. It is desirable to have the 
incoming current of air as dry as possible. To reduce the water content to a mini- 
mum the air which came from out of doors was dried before it entered the chamber 
by surrounding a portion of the pipe through which it passed with a freezing mix- 
ture of salt and ice. The bulk of the water in the incoming air was thus removed 
and was weighed. The amount of water remaining in the incoming air and that in 
the outgoing air was determined by passing the samples through U tubes filled with 
pumice saturated with concentrated sulphuric acid. The carbon diozid in theliam- 
ples of air was determined by passing it through U tubes filled with soda lime. A 
U tube containing glass beads drenched with barium hydroxid solution was also 
used as a control. The ex))eriments, together with the apparatus used and methods 
followed, are described in detail in Bulletin 44 of this Office and Connecticut Storrs 
Station Report for 1896. 

Full analyses were Hia<le of the food and excretory products. The determinations 
of the balance of euergy and hydrogen are not yet published. 

In Nos. 2277-2279, with the janitor, the diet was rich in protein. No work was 
performed. The organism stored protein and fat. lu Nos. 2280-2282, with the same 
subject, the diet was similar but less abundant. In this cose the organism was very 
nearly in equilibrium. There was a small loss of protein and a small gain of fat. 

The diet of the chemist (Nos. 2283-2288) was somewhat less abundant than in the 
preceding cases. The body was very nearly in nitrogen and carbon equilibrium, 
though there was a small gain of protein and loss of fat. No muscular work wa9 
performed. 

The fourth experiment was divided into five periods (Nos. 2289-2302). In the first, 
third, and fifth periods no work was performed. During the second period the sub- 
ject was engaged in seviTe mental work, consisting in part of mathematical calcula- 
tions. In the fourth period severe muscular work (raising and lowering a weight) 
was performed. In all the periods there was a loss of fat and a slight loss of pro- 
tein. When miisrular work was performed the loss of fat was much greater than in 
the other cases. So fur as could be observed mental work did not influence the 
metabolism of nitrogen and carbon. 

In these experiments the subjects remained in the respiration chamber for compar- 
atively long periods, yet no inconvenience was experienced. They were supplied 
with from 49 to 55 liters, and in one instance 75 liters, of air per minute. It is ordi- 
narily assumed that the maximum amount of carbon dioxid permissible in the air 
of inhabited rooms should be about 2 milligrams of carbon dioxid per liter. In 
these experiments the air in the respiration chamber contained on an average 10 to 
12 milligrams of carbon dioxid per liter, and during periods of severe muscular 
work the carbon dioxid rose to 24.6 milligrams per liter, yet no inconvenience was 
experienced. In the authors' opinion this would indicate that the discomfort expe- 
rienced in poorly ventilated rooms is not due to an excess of carbon dioxid. 

The lag in the excretion of nitrogen in the urine and the gain or loss of fat are 
discussed at considerable length. 

Nos. 2303-2306 were made in 1897 at Middletown, Conn., by Atwater, Rosa, and 
Benedict, with the apparatus described in the preceding series. The subject was 
the laboratory janitor mentioned above. The respiration calorimeter had been some- 
what modified. The details have, however, not been published. In connection 
with the series here reported, and other unpublished experiments, check experi- 
ments were made in which alcohol was burned in the respiration chamber. In these 
experiments, in addition to measuring the carbon and hydrogen prodnced, the heat 
was also measured. 

In each case the alcohol was burned for a time, generally from three to six hours, 
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before tlio exporiment proper begniiy the object being to get the teinperatnre of the 
interior of the apparatus, the moisture oontent of the air, and the moisture adhering 
to the inner walls and the heat absorbers, as nearly as practicable, in equilibrium. 
The att(»mpt was made to have tlie temperature and moisture ccmtent of the air dar- 
ing the last three to six hours of the experiment the same as in this preliminary 
period, on the assumption that under these conditions the amounts of moisture in 
the apparatus would be the same at both times. The quantities of water and carbon 
dioxid in the air at the beginning and at the end of the experiment were determined 
in samples of about 10 liters drawn out for the purpose. 

The apparatus and the conditions of the experiment were such as to permit reason- 
able uniformity in the flow of the ventilating current of air through the chamber, 
the rate of combnstion of alcohol, the consequent production of carbon dioxid, water, 
vapor, and heat, and the temperature of the interior of the chamber. The follow- 
ing figures show the results of determinations of the total amounts of carbon dioxid, 
water, and heat produced, compared with the theoretical amounts : 

Summary of results of alcohol check experiments. 



No. of 
experi- 
ment. 



1 
2 
S 

4 



Date. 



Apr. 27-29, 1897.. 
May 10-11, 1897.. 
May 26-27,1897.. 
Nov. 2-3, 1897.... 



Dura, 
tiou. 



h. tn. 

52 30 

29 50 

83 50 

85 09 



I 



Alco- 
hol 
burned. 


Carbon dioxid. 


Water. 


Heat. 


Required. 

Oram*. 

1,059.0 

1, 387. 5 

877.0 

1,366.6 


Found. 


Required. 


Found. 

Oram*. 
1,109.6 

935.6 
a 049. 7 

920.9 


Required. 


Found. 


Oram*. 
955.4 
798.8 
505.4 
788.2 


Oram*. 

1,657.7 

1,385.5 

882.9 

1,874.6 


Oram*. 

],1U6.4 
924.8 
585.3 
912.4 


Oaiorif*. 
5, 499. 9 
4, 550. 

a2, 882. 9 
4,488.1 


Oal*. 
6, 380. 1 
4,558.8 
2.808.5 
4, 478. 8 



a The excesii of water and deflclency of heat are asauroed to be due to evaporation of water inside 
the chamber. 

Considered as rosnlts of analyses and of det>erminations of the heat of combnstion 
of ethyl alcohol the figures for experiments 1, 2, and 4 would compare with the 
theoretical figures as follows : 



Determinations of respiration calorimeter compared tvith theoretical fitfures for carbon and 

hydroffcn and heat of combustion of alcohol. 



Carbon 

Hydroffen 

Heat of combustion 



Experi- 
ment 1. 



Per cent. 
52.12 
13.08 
98.70 



Experi- 
ment 2. 



I 



Per cent. 

52.12 

IH. 05 

100.00 



Experi- 
ment 4. 



Per cent, 
52.54 
13.10 
99.80 



Average. 



Per cent. 
52. 20 
13.10 
99.50 



Theoreti- 
cal. 



Per cent. 
52.17 
13.04 
100.00 



The ivccuracy of the heat measurements of the respiration calorimeter was also 
tested by a number of experiments in which heat was given ofi' by the use of an 
electric current, the amount being determined by the resistance. The tests by the 
electrical method showed much smaller variations from the theoretical standard 
than those made by the combustion of alcohol within the chamber, the widest 
variation being not more than one-half of 1 per cent. 



EXPERIMENTS WITH ANIMALS. 

Thirteen hundred and sixty-two experiments, or about one-third of 
the total number included in this compilation, were made with animals. 
Some GOO of these were made with animals such as are fed for economic 
purposes — cattle, sheep, swine, goats, and horses, about the same num- 
ber with dogs, and a comparatively small number with doves and 
poultry. Generally speaking, the same methods were followed as in 
the experiments with man. Taking into account the very large num- 
ber of feeding and digestion experiments with animals, the number in 
which the balance of income and outgo has been determined is surpris- 
ingly small. Yery often the balance of income and outgo of nitrogen 
could have been determined with little additional labor. Except in 
a few instances, the animals used for experimental purposes were in 
normal health. 

EXPERIMENTS IN T77HICH THE NITROQEN BAI.ANCE VTAB 

DETERMINED. 

In 1,156 of the experiments with animals the balance of income and 
outgo of nitrogen, with or without mineral matter, was determined. In 
the majority of cases with animals fed for economic puri)oses this bal- 
ance was determined in connection with feeding and digestion experi- 
ments. A few experiments were, however, made for the study of spe- 
cial questions concerning metabolism. The msyority of those for the 
study of the general laws of metabolism were made with dogs. They 
were nsed generally because of their fitness for experimental purposes. 
The range of size is such that a subject suited to a particular purpose 
may be readily selected. Dogs may be trained to eat almost any food 
for a longer or shorter period without serious inconvenience. A monot- 
onous diet seldom causes lack of appetite, as in the case of man. The 
excretory products may be readily collected, and when confinement in 
a cage is a necessary experimental condition it has seldom proved so 
irksome as to derange normal functions. 

In this compilation the material has been so arranged that the exper- 
iments with different kinds of animals are grouped in sepsurate tables. 

EXPEEIMENTS WITH CATTLE. 

INFLUENCE OF FEEDING. 

In Table 27 are included 19 tests with cows and 121 with steers. The 
animals were all in health. In most cases the nitrogen balance was 
determined in connection with digestion and feeding exi>eriments, and 
numerous special questions connected with the feeding and fattening 
of cattle were studied. 
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298 A DIGEST OP METABOLISM EXPERIMENTS. 

No. 2307 woH matlo by liouHsingault in 1838. The object wiia to compare the food 
aud excretory products of a milch co'^ to seo whether Herbivora derived nitrogen 
from tho air or not. The food consiHtcMl of potatoes and rowoii. Elementary analy- 
ses of food, uriiio, feces, and milk were made. Somewhat more nitrogen was excreted 
than was cousumod. 

The (^oncIllHion was reached that it was oxtromely i in probable that any nitrogen 
W31S absorbed from the air during respiration. 

The excretion of carlion and hydro<;en was briefly discu8so<l. 

No. 230H was iiiimIo by Voit and his assistants in Munich in 1867, to study th«) 
formation of fat from protein and the metabolism of nitrogen. The subject was 
a cow. Sho had been previously fed meadow hay and meal, and the same feeding 
stufTs were used during the test. SutUcient <iuantitie8 of thcHo two mati^rials for 
each of the days were weighed out, the hay tied up in bundles, and samples taken 
for analysis. The urine and feees were collected directly. The urine w.'m thoronghly 
mixe<l and samjdes taken for analysis each day. The urine was evaporat^^d with 
quartx sand, and the nitrogen in it and in the feces and milk determined by the 
soda-lime method. The fat in milk, food, and feces was also tleterniiued. The nitro- 
gen consumed during the whole period was 1,448.8 grams, the amount excreted, 
1431.1 grams. The difference was 17.7 grams, or 1.2 per cent of the whole. This 
differenee is, in the author's opinion, within the limit of error, since in dealing 
with such birge ({uantities it is diftieult to take samples for analysis which will 
accurately represent the av<>rage composition. 

No. 2:^09. See No. 2314. 

Nos. 2:U()and 2311 were mtide by Kilhn and Fleischer at the Experiment Station 
at Mockern in 1807. The object was to study the formation of fat in the animal 
organism. The subjects were 2 cows. Their food eonsist<td of hay and starch. 
The food, urine, feces, and milk were analyzed. No conclusion wiis reached concern- 
ing the metabolism of nitrogen except that the subjects were in nitrogen ecpiilibriuni. 

Nos. 2312 an<l 2313 were made by Fleist^her at Hohenheim in 1870, and are quoted 
by Ilenneberg, with no details. 

Nos. 2314-2320 and 2301) were made by Kilhn and Fleischer at the Kxperiment 
Station at Moekern in 18()7-08. The object wtvs to determine the inilueuce of chang- 
ing the food upon milk production and upon the digestibility of (M)arHe fodder, and 
uIho the changeH produced by adding easily digested feeding stuffs to the ration. 
The subjects were 2 cows, weighing ab<mt 399 and 383 kilograms, respectively. The 
ba.sal ration couHisted of meadow hay. To this rape-seed meal with the oil extracted, 
rape-seed oil, starch, or bean meal was added in several instances. The food, urine, 
feces, and milk were analyzed. 

The conclusion w:ls rea<died that, generally speaking, all the nitrogen consumed 
w:us excreted in the milk, urine, and feces. If this wiis not the case, it wjis because 
nitrogen efpiilibrium wim not reached before the experiment began. The nitrogen 
balance is discussc^d very briefly. The other points investigated are discussed at 
length but r^re not quotiHl here. 

This is the first of an extended scries of investigations by Kilhn and his associativa 
in which the principal obje<^t was to get light upon the effect of food upon milk jiro- 
duction by cows. This was fidlowed by experiments with sti'crs, which culminated 
in a series of respiration ex])erimentH which are described beyond (Nos. 3468-3499, 
Table 38). 

These experiments,, taken together, make one of the most important series which 
have been made with domestic animals. 

No. 21^21. This experiment, which was made at the New York State Station in 1883, 
was reported by Stnrtevant. It forms ])art of an extend<'d feeding experiment with 
4 cows. The results were calculated for 1 cow. The composition of the food was 
determined, and it is ])robable that the nitrogen in the urine, feces, and milk was 
calculated. The author states that the nitrogen gained reprcHcnts a gain of 1.5 
pounds of llesh. The feeding experiments are discussed at length in the original 
publication. 
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No8. 2322 and 2323 were miulo by Emery and Kilgore at the Agricultural Experiment 
Station in North Carolina in 1890 and 1891, in connection with a stndy of the diges- 
tibility of cotton-seed hulls. The subject was a Jersey cow. The food consumed 
consisted of cotton-seed meal and cotton-seed hulls. The composition of the food 
and feces was detiTmineil, as well as the dry matti^r, nitrogen, phosphoric acid and 
potash in the nrin<\ 

The concluMions drawn have to do with the special question under consideration. 

Nos. 2324 and 2325 and Nos, 3454-3459, Table, 37 were ma^lo by Snyder at the Univer- 
sity of Minnesota in 1893, in connection with a stndy of the digestibility of a num- 
ber of feeding stuffs by milch cows and growing pigs. The composition of the food 
and feces was determined, as well as the nitrogen in the urine. 

The conclusions drawn from the experiments have to do with the digestibility of 
the rations consumed and the gains in weight of the animals. 

Ko9. 2326-2.S39, 2340-2347, and 2402-2442 were mad(^ by H(uineberg and associates 
at the Experiment Station at Weende in 1858-1864, as part of an extended study of 
the feeding of ruminants. The questions studied were (1) a maintenance ration for 
full-grown cattle; (2) feeding value of beet molassos and the digestibility of wood 
fiber; (3) feeding experiments with various -kinds of course fodders; (4) feeding 
experiments with various foods added to a ration of wheat straw and clover hay 
(including experiments with molasses) ; and (5) digestibility of coarse fo<lder with- 
ont bean meal and with the addition of a small quantity of it. The subjects of 
these experiments were steers weighing about 600 kilograms. The food, urine, and 
feces were analyzed. This series of experiments forms one of the most extended and 
valuable investigations which have been made on the feeding of cattle. The con- 
clusions reached usually have to do with the special questions studied, and are not 
quoted in detail. 

Nos. 2348-2401 were made by Grouven at the Experiment Station at Salzmunde in 
1861-1863. They form part of a very extended study of metabolism. The subjects 
were steers. The water, fat, ash, crude fiber, nitrogen, carbon, and hydrogen in the 
food and feces, and in some instances the ammonia in the feces, and the specific 
gravity, dry matter, ash, free and combined carbon dioxid, hippnric acid, urea, 
nitrogen, carbon, and hydrogen in the urine were determined. The soda lime method 
was used for determining nitrogen. A number of special questions were studied. 

In Nos. 2348-2351 the object was to see if nitrogen equilibrium could be reached 
when a maintenance ration of hay was consumed for a long time. The experiment 
lasted from December 1 to January 15, and was divided into four periods of 6, 8, 10, and 
12 days, respectively. The time from December 28 to January 6 is not included in 
the table, as the urine and feces were not analyzed. Tlie daily ration consumed 
during this time was 6,500 grams hay, and, in the author's opinion, nitrogen eqni- 
li])rium was tlien r(»ached, since in the preceding ]>eriod there was a small loss of 
nitrogen and a gain in the following period. The total nitrogen consumed in experi- 
ments Nos. 2348 and 2349 was 2,594.2 grams, and the total amount excreted in nrine 
and feces 2,617.3 grams, a difference of only 23.1 in 18 days. This experiment is 
regarded by Grouven as proof that there is no excretion of nitrogen in the gaseous 
excretory products, and also as confirming BischofT and Voit's theory that the amount 
of protein metabolized increases with an increased consumption of it. Other ctm- 
clnsions regarding digestibility, etc., were drawn. 

In Nos. 2352-2357 the object was to stndy metabolism during fasting. The intes- 
tinal tract of an ox retains food for several days. In the author's opinion the real 
fasting does not begin until the fifth day after the last food is consumed. From the 
(calculated) muscular tissue, fat, and mineral matter metabolized and the (calca- 
lated) heat produced, the author calcnlates by comparison the nutritive valne of 
straw. 

The object of Nos. 2358-2378 was to determine the nutritive valne of straw. The 
ration consisted of straw with a little salt. The balance of nitrogen and ash was 
determined and the balance of carbon, oxygen^ and hydrogen calculated. The 
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nmonut of these elements in tlie respiratory products was olitaiued by subtracting 
the anionnt (excreted in urine and feces from the (calculated) amount consumed in 
food and t issiio. The results of these experiments were compared with thosi*' obtained 
when no food was consumed. It was found that straw protected mucli more pt'O- 
toin than its content of digestible protein would indicate possible. [At the time 
these experiments were made the theory of the isoilynamical vsilue of the nutrients 
was not understood; and it was not known that fat and carbohydrates can protect 
protein, (trouven, however, thought it possible that, when fasting, tlie inspired 
oxygen acted mor(^ energetically on the protein tissues than when straw was con- 
sumed; i. e.y that the nitrogen-free constituents of the straw used up the energy of 
the oxygen and thus protected protein. This is almost an expression of the theory 
which has since become current.] 

In all these experiments there are very extended discussions of the results and of 
various theories. 

In Nob. 2379-2401 the object was to determine the inthience of cane sugar, g^apo 
sugar, starch, dextrin, wood gum {(hnnmi), wax, alcohol, crude tibcr from straw and 
^' paper tiber,''' and of pectin upon metabolism. Each of these substJinces was fed 
with straw and the results compared with those obtained with a diet of straw alone. 
The ctmclusion was reat^hed that all these nitrogen- free substances (except wax and 
alcohol) diminished the normal metabolism of mus<'ular tissu<>. As the amount 
consumed increased, the ])ower to protect protein diminished. The intensity of the 
processes of oxidation in blood and tissue is not dependent on the nitrogenous food. 
Such substances when supplied are metabolized instea^l of fatty tissue of the body. 
A considerable number of experinients are reported by the author which are of a 
diflorent nature from those include<l in the present compilation, or which do not 
contain all the factors nect'ssary for t^xpressing a balance of income and outgo. 

In a number of experiments the carbon dioxid in the respiratory products was 
determined with a respiration apparatus somewhat similar to that of Pettenkofer 
and Voit. Complete) metabolism ex|>eriments in which this apparatus was used are 
not recorded in the ''Zweiter Herichte.*' However, four experiments with a steer 
weighing 5.50 kilograms are recorded in detail, in which the carbon dioxid produced 
was measured, though the food, urine, and feces were not analyzed. The first 
experiment was of 12 hours' duration. The ration (which had also been ftdlowed 
for the 5 days preceding the experiment) consisted of 4,0(X) grams straw and about 
50 griinis salt. The carbon dioxid produced was 2,295 grams, or at the rate of 
4,590 grams in 24 hours. In the second experiment, of the same duration and with 
the same ration, 2,234.5 grams carbon dioxid was produced, or at the rate of 4,469 
grams in 24 hours. In the third experiment, the ration (used for 1 <lay before the 
experiment also) consisted of 4,000 grams chopped straw, 50 grams salt, and 2,500 
grams cane sugar. The time was 8 hours, and 1,503.5 grams carbon dioxid was pro- 
duced, or at the ratti of 4,510.5 grams in 24 hours. The time of the fourth experi- 
ment was 8 hours and the ration the same as in the third. The amount of carbon 
dioxid produced was 1,()12 grams, or at the rate of 4,830 grams in 24 hours. 

Orouveu believed with Bischoff and Voit that no nitrogen was excreted except in 
the urine and feces. The oi)inion was held by many that nitrogen was excreted in 
the re8i)iratory products in the form of ammonia. A large number of experiments of 
12 hours' duration were made with steers and other an i nulls, using a large respiration 
apparatus, and the amuionia in the respiratory products w:is determined. The 
amount found was very small, not (exceeding 1 gram per day for a steer weighing 
6.50 kilograTus. The quantity is so small that it can be left out of account in deter- 
mining the nitrogen balance. 

Nos. 2402-2442. See Nos. 2326-2339. 

Nos. 2443-2446 were ma<le by Em<^ry and Kilgore at the Agricultural Experiment 
Station in North (^*arolina in 1895 in connecti<ui with a study of the digestibility 
of cotton-see<l hulls and cotton-seed meal by steers. The experiments were made 



' i*a])cr pulp, such as was used for making writing paper. 
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with 3 steers. The rations consisted of cotton-need hnlls and rotton-st^ed meal 
in varying proportions. The food, urine, and feres were aualy/ed. The phosphoric 
acid, potasli, ami nitrogen in the excretory products wrre determine*! in connection 
with a study of the manurial value of the rations. 
The coucliuiions drawn have to do with the special quoHtions studied. 

EXPElilMEXTS WITU IXXi^S. 

INFLUENCE OF FEEDING. 

About one-halt* of the total uiimber of experiments with animals in- 
clnded in the present compilation were made with do^s. As previously 
noted, dogs are i)articularly well suited for experimental purposes. 
They readily adapt themselves to the experimental conditions and are 
seldom affected by a monotonous diet; that is, a diet consisting of one 
food or a limited number of food materials. In experiments with man 
such a diet often becomes distasteful, and digestive disorders result. 
The range of size in dogs is such that a subject can readily be selected 
suitable for the special point to be studied in an experiment, and it is 
a comparatively easy matter to collect the urine and feces. 

Owing to their limited number, in the experiments with aninmls, 
fewer subdivisions have been made in this compilation than in the 
experiments with man. Of the total number of experiments with dogs, 
302 are included in Table 28. This section incbides the tests in which 
the subjects were in health and the experimental conditions were not 
abnormal or unusual. A very few experiments under other conditions, 
made for purposes of comparison, are, however, included in this section. 

In a number of cases the influence on metabolism of consuming milk, 
meat, x>eptones, gelatin, or other special food was studied. The digesti- 
bility of several foods was also investigated. In many (*ase8 the excre- 
tion of i)hosphoric acid or other mineral matter was the special question 
considered. Some of the investigations were carried on to study experi- 
mental methods and theories relating to the general laws of nutrition. 
A case in point is the work which has been done to determine whether, 
generally si)eaking, all nitrogen is excreted in the urine and feces or 
whether some leaves the body in the gaseous excretory products. This 
was a disputed point for many years, although it is now usually con- 
ceded that the former view is correct. 

Another question of interest from a theoretical standpoint is the 
direct source of the nitrogen of the urine; that is, whether it is derived 
directly from the food or whether the nitrogen consumed must form a 
portion of the tissue of the body before it is excreted. Directly con- 
nected with this is the discussion concerning the length of time which 
must elapse before the nitrogen of a particular diet will be excreted. 
The subject, as a whole, has a direct bearing on the effect of muscular 
exertion on the excretion of nitrogen and the source of muscular energy 
in the organism. 
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No. 2447 wft8 made by IMschoff iu the laboratory of the Physiological Institate in 
Mnnich in 1853. The object was to investigate the influence of soilium ohlorid on the 
excretion of urea. The subject was a dog. The food consisted of beef fVei^d from 
bono and fat. Sodium chlorid in solution was given with the meat. The specific 
gravity, the urea, and the sodium chlorid in the urino were determined. The nitro- 
gen iu the food was calculattMl. In adding this experiment to the table the nitrogen 
iu the feces was calculated by the compilers from Pettenkofor and Voit's exporimi^nto 
with a dog consuming the same quantity of food. The dog consumed during the 
whole time 15^.82 grams sodium chlorid and excreted 145.0 grams in the urine. The 
feces were not examined, as tlioy were not believed to contain any sodium ohlorid. 
Tlie author states that the result« indicated a decomposition of sodium chlorid in 
the organism. 

The nitrogen consumed was not all recovered. The weight of the animal was 
practically unchanged during the experiment. It was believed that no nitrogen 
was stored as flesh, but rather ''that urea was retained and its transformation into 
other compounds, for instance ammonium carbonate, was hindered.'' 

These experiments are interesting chiefly from an historical standpoint. They 
were published as a continuation of Hischoff's first publication on ''Urea the meas- 
ure of nitrogen nu^tabolism.'' 

Nos. 24 18 and 21 10 were made by Hcppe-Seyler in 1855. The object was to study 
the influence of cane sugar on digestitm and luitrition. The subject was a dog. 
The food consisted of heart and lungs of sheep chopped flue and thoroughly niixe<l 
in a mortar. The experiment was divided into two periods. In one sugar was 
added to the normal diet. The nitrogen in the food and feces was determin<>d by 
the Will-Warren trapp method, and the fat in the food by extraction. The un^a in 
the urine was determined by the Heint/ method and the Lie1)ig method. The attempt 
was made to determine the carbon dioxid in the respiratory products, but according 
to the author it was unsuccessful, and the results are not given by him. The dog 
appeared in normal condition throughout the experiment. 

Among the conclusions reach«Ml were the following: No sugar was observed in the 
urine or feces when sugar wjm* eaten for a long time, nor was thei anionnt of lactic 
acid iu the urine increased. When meat and sugar were eaten, the subject gained 
in weight more rapidly and excreted more un»a than when meat alone wan fed. The 
excreti(m of nitrogen in the feces was jiractically unchanged by the addition of 
sugar to the food. When much sugar is present in the blood, ]»rotein and allied sub- 
stances are iirotect^ul from oxidation. The reserve ])rotein which in jirovided with 
little or no oxygen ap])ear8 to be broken up, this ])rocess being accompauie<l by the 
fonnation of fat. 

Nos. 2450-21.51 were made by Voit in the laboratory of the Pliywiological Institate 
in Munich in 185t>. The obje<-t was to investigate the metabolism of nitrogen. The 
subject of experiments Nos. 2150-2152 was a very active dog, and Nos. 245^^ and 245-1 
a dog with a pennanent gall fistula. The urea and nitrogen in several samplea of 
urine, the dry matter and nitrogen in nu'at fe<*es, and the dry matter and nitrogen in 
a number of s:unplc>s of meat were determined. In experiments Nos. 245!$ and 2454 
the nitrogen in the gall obtained from the iistula was taken into account in deter- 
mining the balanct> of income and outgo. Voit found that the mean nitrogen content 
of 6 samples of meat (fresh beef) was 1^.5 per cent. He uses 3.1 per cent, however, 
in calculating the nitrogen in the meat consumeil. lie gives as .'i reason for the 
change the fact that the samples he analyzed were carefully selecttMl samples of pnre 
muscle. He believed, therefore, that the meat fed would have a slightly lower nitro- 
gen content, since it would contain some fat. teiulon, etc. This change has been 
much criticised by later observers in discussions of the formation of fat from protein. 

The individual experiments are discussi^d in detail by tlie author. They are 
regarded as additional proof of the correctness (if HischoiV's' opinion that the urea 



' 1 )er I larnstotf als Maass des Stotfwechsels. < liesen, 1853. .See also a shorter account 
in Ann. Chem., 88 (1855), p. 101. 
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excreted in the urine may be regarded as a measure of the metabolized nitrogen, 
taking into account the small amounts in the uric aoid and other compounds in the 
urine and feces^ and in the epidermis and hair accidentally lost. These experiments 
are interesting to-day chiefly from an historical standpoint. 

Nos. 2455-2514 and Nos. 2746-2750, Table 29, were made by Bisohoff and Voit at 
the laboratory of the Physiological Institute, in Munich^ in 1857-58. The object 
was to investigate metabolism of dogs while fasting, and on the following rations: 
(1) Meat; (2) meat and fat; (3) fat and starch with and without meat; (4) bread; 
(5) sugar with and without meat; (6) gelatin with and without meat, and (7) 
gelatin and fat. 

The. water was determined in bread with and without crust, In starch, grape 
sugar, and in the feces from t^ach'sort of diet. Nitrogen was determine<l in bread, 
gelatin, and in several instances in the feces. Carbon and hydrogen were deter- 
mined in the feces from meat diet, bread diet, and starch diet. Fat was determined 
in meat, meat feces, meat and fat feces, and in gelatin and fat feces. Ash was det<^r- 
mined in bread and in the feces from meat, bread, meat and starch, and from gela- 
tin and fat. Sulphur was determined in meat, bread, gelatin, and the feces from 
meat, brea<l, and gelatin, and in many cases in the urine. In the urine from bread and 
from meat diet the dry matter and ash and their ratio to urea were determined also. 
The analyses were made with a few samples, and then the composition of food, urine, 
and feces was calculated from this data. The composition of the meat was calcu- 
lated, and in very many cases that of the urine and feces also. It was assumed that 
the urine and feces from a particular diet were unvarying. 

The points investigat<'d are discussed at length, and the results obtained are (com- 
pared with work of other observers. 

The discussions are interesting from an historical standpoint, since much of the 
later work on metabolism is based on observations and conclusions from this series 
of experiments. 

The principal conclusions reached were the following: 

When fasting, a dog lives upon the flesh and fat of his own body and excretes 
urea, carbon dioxid, and water formed from them. The amount of fat and muscu- 
lar tissue consumed is dependent upon the size of the animal. The conditions which 
aftect the nietivbolism of nitrogenous material of the body are (1) the oxygen sup- 
plied, and (2) the size of the organs of the body, and (3) the amount of blood. Since 
it is th<> breaking down of nitrogenous tissue which furnishes energy, and energy is 
expended for internal muscular mov(>ment, all the changes in the animal body have 
a definite relation to each other. 

To nourish a dog with meat only, so that flesh or fat is not lost from the organism, 
rerpiires a considerable ([uantity of meat, varying from one-twentieth to one twenty- 
tifth of the weight of the dog. If less than this is supplied, tissue and fat from the 
organism will be metabolized. If more meat is supplied for one day than is neces- 
sary for nourishment, the excess is stored up. On the following day the same quan- 
tity of meat does not suffice to produce the same gain, but will all be utilized. A 
further gain of muscular tissue can be brought about only by a continued increase 
in the quantity of food consumed. When a maximum consumption is reache<l, the 
dog will not eat more, and loses weight rapidly. The quantity of meat which the 
dog needs to cover losses sustained and to gain flesh is always decided by the (juan- 
ti ty of body tissue. I f the dog has a large quantity of muscular tissue, he needs more 
food than when he has little flesh, and if he gains largely in muscular tissue he nnist 
consume an abundant diet of meat. The more fat meat consumed the less fat is 
used up from the body. 

The metabolism of nitrogenous tissue -and.the elimination of nitrogenous material 
from the body is not prevented by consuming fat. The consumption of fat from the 
body can be pn^vented by consuming fat in the food. With an abundance of fat in the 
diet it is also possible to gain fatty tissue. The consumption of fat reduces the 
metabolism of nitrogen so that only one- third to one«foarth as much meat need be 
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rouNuriKMl with fat tin whore moat only Ih fed. Sagar an<l Kt:irch act in the samo way m 
fat. Brcoil in largely Htarch and cau not fumiiih a complete diet for flesh-aatin^ani- 
malM. (ffilatin is of morn importjince tban wan supiHMied. It it apparently all clianged 
into iirc^a and hcmmiim to act oh a protector of protein, not in the way that fat and starch 
do, namely, i>y (liminiHhin^ the metabolism of this sniistancc by lessening the con- 
Hnmpiion of oxygen, bnt directly in bein^ substitat^^d for nitro^nons snbstaiice of 
the boily, 

NoH. 2r>ir>-2r»5t wtrre nuule by Voit in the lalioratory of the Physiological InHtitnte 
at MuMi<'h from 1K59 t<» IHi'yi. The older ex]>erimentH (Noh. 2547-2rK>l) are (fuoted 
by the author from previoiiH piiblicationH which were not arce^Hibletothe compileni. 
A few Heem \o be i>ither dupliratcnt of or <*xperimentH reported in other publications. 
The obje<;t waH to inveHti^ute the excretion of nitfo^^en by dogs. 

Tlio food iiHiially consinted of meat, or meat am! fat, sugar, or gelatin. In Nos. 
25-17 and 251S cotl'ee was giv<*n with the food, and in No. 2.'>5-l urea. The nitrogen 
and HometimoH the aHh in the f(»o4l and feces were calculated. It would seem that 
the urea in the urine waH determined and from this the nitrogen calculated. 

The r-oncluHion is reached that no nitrogen leaves the body except in the nrine 
and feces. The concordance of the results for nitrogen and ash are looked npon aaa 
pniof of the accunu^y of the conclusions drawn regarding nitrogen. 

Nos. 2r>r>r>-2r>4;8 were made by K. Hischoil' at the laboratory of the Physiological 
Institute in Mnnich in 1807. The object waM to invoHtigate the excretion of phos- 
phoric acid. The Hu1)joct was a dog. The food usually consisted of meat^ with 
fat or stan'li in some cases. Bread and starch were each fed alone, and in one 
experiment no food was consumed. The nitrogen and phosphoric acid in the meat 
were calculated. The factor for nitrogen was 'AA per cent. The phosphoric acid 
in the starch and the nitrogen and phosphoric acid in the bread, the nrea, and 
]diosphoric acid in the urine, and the nitrogen, aMh, and phosphoric acid in the feces 
were determined. 

The ])rinci]>al concluHons drawn were the following: The excretion of phosphoric 
acid varicH within wid<M' limits than that of nitrogen. By increasing the mctaltolism 
of protein the excn^tion of phoHpliori<; a<*id can be incrcoMed eight times the amount 
excreted wlnui fasting. ThoHphoric acid is excreted principally in the urine. In an 
animal in phoHphoruHe<|uilibriuni all the ])hosphoric acid couHumed is excreted in the 
urine and feces. 

If any conHideral)le quantity of urine and feces had be«*n lost there would have 
been a delieieury in the amount of (>xcn>ted phosphorus. Tlu) fact that all the 
]>hos])lioruH cousuuied was recovered in the urine and feces is regarded as additional 
proof of the correctness of the theory that all the excreted nitrogen leaves the organ- 
ism in the urine and feces. 

Nos. 2r»(K>-2r)81 were made by Voit in th<* laboratory of the Physiological Institute 
in Munich in 18(k) in connection with an extei>ded stu<ly of the formation of fat in 
the animal organism. The subjcM-t was a female dog. The food consiste^l of meat, 
with starch or fat in a number of coses. The milk secreted by the dog was taken into 
account in determining the nitrogen balance. It is inferred that the nitrogen in the 
food and tV^ces was calculated ami the urea in the urine determined. It is not stat^ 
whether the water, cjuiein, prot^Mu, fat, sugar, and ash in the milk were determined 
or calculated. 

Th<» following conclusions were reached: The secr«»tion of milk is only slightly 
dependent u])on the tViod (so far :us com])osition of the milk solids is concerned). It 
decreased during fasting and w:is greatest on a diet rich in protein. The consump- 
tion of large ipiantitics of tat with meat dnl not dt'crease the yield of milk as much 
ns was reported by an earlier observer.. The consumption of starch alone did not 
increase the yield i»f milk over that obj^erved durinjr fasting. The absolute and 
ndaitive (piantity of casein and protein in the milk was not directly ]>ro])ortional to 
the amount of ]>rotoin in the food. It increased a littU with a large consumption of 
meat and was lowertnl somewhat during fasting. The (quantity of fat in the milk 
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wa8 greatest when most protein was consumed and least when starch was consumed. 
The consumption of fat apparently exercised little influence on it. The amount of 
milk sugar showed very small variation, heing greatest wh<;n much meat was con- 
sumed. The consumption of carbohydrates did not increase it. Other conclusions 
which have to do with the yield of milk, etc., are also drawn. 

Nos. 2582-2591 were made by E. Bisohoff at the laboratory of the Physiological 
Institute in Munich in 1867-68. The objects were (1) to ;i8C6rtain whether otht'r 
dogs would utilize a broad diet in the same way as the d(»gs in BischoflF and Voit's 
experiments (see Nos. 2471-2493) ; (2) to learn why bread is so poorly assimilated ; and 
(3) to see if some siuiple addition could not be made to the diet which would render 
the bread more digostibb*. The food usually consisted of rye bread, with meat or 
meat extract in some cases. In one case salt was consumed. In No. 2590 the diot 
consisted of meat and starch. No. 2591 was ma<lo by Voit and reported by Bischoff. 
The nitrogen in the bread and nitrogen and water in the meat extract were deter- 
mined. In the feces it was sometimes calculated and sometimes determined. The 
urea in the urine was determined. 

The dog could not be maintained in good condition on a diet of rye bread. SuflS- 
cient nitrogen for the needs of the organism was not assimilated. On a diet of meat 
and starch; however, the dog gained strength and appeared in good condition. It 
was observed that the bread feces fenuented very readily, and it was believ<»d that 
the feruientation caused intestinal movements which hast-ened the excretion of the 
feces and thus hindered the intestinal absorption of nitrogenous mat^^rial. The fer- 
mentation was studied at considerable length, but no reason for it was foun^l. 
Neither meat extract nor salt exercised any marked influence on the absori)tion of 
the protein of bread in the intestine. « 

No. 2592 was made by Toldt at the University in Vienna in 1871. The object was 
to investigate the excretion of nitrogen. The subject was the same dog us(^d in 
Seegen's exp<'riments, Nos. 2770-2781, Table 29. The food consisted of meat. Great 
care was taken in collecting the urine. The urea in it was det«rtuined 1)y the Liebig 
method and by the Schneid«T-Seegen method. Th»» amount of nitrogen excret4^d in 
the feces was calculated. The nitrogen in the food was determined by the Dumas 
and by the soda-lime methods, and the conclusion was reache<l that the latter gave 
too low results. In the author's opinion all the consumed nitrogen was not recov- 
ered in the urine and feces or accounted for by a gain in weight <»f the subject. 

Seegqji quotes the author's results in the discussitm of the gaseous excretion of 
nitrogen, and on the basis of the variations in the nitrogen content as shown by the 
analysis of meat, explains some of the discrepancies observed in previous investiga- 
tions. He emphasizes the necessity of making analyses of meat by a reliable method. 

Nos. 2593-2597 were made by Forster at the laboratory of the Physiological Insti- 
tute at Munich in 1873. They form part of an extended investijgation of the value 
of the mineral constituents of food. The subjects were 2 dogs, weighing about ^6 
and 32 kilograms at the beginning of the experiment. The food consisted of ''meat 
residue,'' with fat, and some starch or sugar. In addition, on 1 day a little salt and 
on 4 days a little meat extract was consumed. '*Meat residue ■' is meat from which 
the juices have been extracted by pressure and the salts have been removed by 
extracting three times with water. That used in these experiments was in the form 
of a coarse powder. The nitrogen and pho8]>horic acid in the food and urine, and the 
nitrogen, phosphoric acid, and ash (in Nos. 2593, 2594, and 2597 fat also) in the feces 
were determined. In all the experiments the iron in food and feces was deter- 
mined. (Urine contains no iron.) The sodium chlorid and sulphuric acid in the 
urine in No. 2593, and the cyanuric acid, sodium ohlorid, and the phosphoric acid 
combined with alkali and with earthy bases in Nos. 2595 and 2596 were also deter- 
mined. In each experiment the dogs lost weight .ind were in poor condition. In 
No. 2597 it was evident that the dog could not have lived much longer on the diet. 
The conclusion wasre.iched that certain salts are necessary for the animal organism, 
and that an animal will die if the amount 8ux)pLied in the food falls below a defluito 
quantity, or if none at all is supplied. 
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Many canclnfficmii are drawn which can not !>• noted here. Mince they do not conoem 
metalmliBin. Th<* author rtrwl^wn the lit^Tatnre of the Aiijb«*ct at length. 

No*. 25ilH-2(i00 wore made by Voit in the laboratory of the Physiological Inatitate 
at Manich in 1874. The object was to determine the nntritivo value of oesein. The 
Bubject wan » dog. 

Aft«)r » period of i dayn of faeting omiein and fat were fed. ThiM diet was fol- 
lowe<l by a periml of fasting. f)s0ein was prepared by treating bonen with dilate 
hydrochloric a<;id. 

The nitrogen, fat, itsh, sulpharic acid, and phosphoric iicid in the OHsoin, the nitro- 
gen, urea, sulphur, sulphuric acid, and phosphoric acid in the urine, and the nitro- 
gen, fat, ash, and siUpliurir. witX in the foces were determined. 

The doficlusion was reached that it was not possible to make a ration of ossein, 
fat, and mineral matters which would meet the needn of the organism. 

'V\m article contains an extende<l discussion of the 'Mnxus consumption" theory 
and of tlie terms nseil in discussions on metabolism. 

No. 2001 was maile by P16s7. and Gyergyai at Huda Pesth in 1875 in connection with 
a study of the food value of jieptones. The subject was a dog, which was kept in a 
cag<' with glass sides and floor of wire netting. The urint^ and fecoH were col- 
lected together in a suitable vessel under the netting. The food consiste<l of pep- 
tones and a solution of starch, grape sugar, and melted butter. This was injected 
into the stomach. The peptone was prepared from drieil fiber by digesting with the 
pepsin from a pig's stomach. The nitrogen in the food and excretory products was 
determineil by Heegen's method. 

The conclusion was reache<l that on a ration in which peptones are substituted for 
prot<^n it is possible for the subje<^t to gain in weight, and the gain may <;onsiHt of 
nitrogenous tissue. 

The article contains an extended review of the subject, with references to the 
work of other idmervers. 

Nos. 2002-2(115 were made by (iruber in the laboratory of the Physiological Inati- 
tut<^ at Munich in 1880. The objects were (1) to g(>t light upon the qncHtion as to 
whether all the nitrogen consumed in the food could be rec<ivered in the urine and 
feces; and (2) to t(*st the accuracy of a number of experimental methods which had 
been employed by Volt. 

Ah has lioeii stattMl above, Volt held the opinion that no nitrogen was excreted 
except in the urine and feces. This was doubted by other inve8tigat<ys. The 
metliods used by Voit in making his experiments had also been 4|ueHtione<l. It was 
bin nsinil plan to calculate the nitrogen in fresh meat, using i\» a factor 3.4 per cent. 
The nitrogen in the urine was ordinarily determined by the soda-lime metho<l after 
evaporating with quart/, sand. The nitrogen in the meat and feces was usually^ 
det(*rmined by the soda-linn^ method. 

'The subject of the present experiment was a dog weighing about 17 kilograms. 
The experiment hwte<l 22 days. The first 5 days were reganlotl as a preliminary 
period. The rr.maining days wore divideil int-o two ])eriod8 of 7 and 10 days, respec- 
tively. The food was lean beef, which was prepared in (|uantity and kept on ice. 
The meat was fK«ed from viHible fat, tendon, connective tissue, etc., as much as 
posNible. and ground several times in a saus;ige cutter. It was then )»ress<Ml out in a 
large, tiat cake on a porcelain slab, and portions wert^ cut out here and there as 
sani])les for analysis. A comparative test was made to show tlnit the samples 
obtaine<} were representative. The water content of the meat was determine<l at 
the beginning of the experiment. The portions for each day's ration were weighed 
and put into an ice che»t. As they were required the portions were again weighed. 
Any loss in weight was attributed to a loss of water, and sutlicient water was added 
to make good the loss. Each day the dog was given (>()0 grams of meat thus pre- 
partnl and 200 cubic centimeters of water. The dayV ration was divided into two 
e<)ual portions: one was feiX at 8 a. m. and the other at 11 to 11.:^) a. ni. 

The subject was coutiued in a cage, which stood in the middle of a large room. 
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The moan temperature of the room was 15° C. The clog was trained to deposit 
urine in a bi'aker glass. He was taken oat of the cage three times a day for this 
purpose. The urine was luesisured and its specific gravity detenuined. The feces 
were separated by fee<ling bones, and collected and wcigh<*.d. The nitrogen in the 
meat was determined by the Damas (absolute) method and by the Will method, 
and the results obtained by the two nietho<ls were found to agree. The author 
also calculated the nitrogen in the meat, using the factor 3.554 per cent. This 
value was actually obtained as the mean of a number of determinations. The 
author believes that Voit's figure, 3.4 per cent, was equally correct as used in Yoit's 
experiments, since the meat was then prepared in a somewhat different way. The 
nitrogen in the urine wus determined by the Voit method; that is, the urine was 
evaporated at 100'^ C. with gypsum (instead of quartz sand) and oxalic acid, and the 
nitrogen theu determined by the soda-lime method. The author found b}"^ experi- 
ment that practically no nitrogen was lost as ammonia during the evaporation of the 
urine. Parallel investigations have shown that practically the same results are 
obtained as when evaporated in a vacuum. The urea in the urine was determined 
by the Liebig method, and from this the nitrogen was calculated. 

For purposes of comparison the nitrogen was also determined in a number of sam- 
ples of the urine by the Dumas and the Schneider-Seegen methods. The Dumas 
method gave pra<'tically the sanu^ results as the Voit method. The Schneider-Seegen 
method gave slightly lower results. These figures are not included in the table. 

The nitrogen in the feces was determined by the soda-lime method (Voit's) in sam- 
ples of the feces for the whole experiment. It was assumed that the sami^ amount 
of feces was excreted earh day. In one period (No. 2609) the sulphur in the food, 
urine, and feces was also determined. 

The priucipal oonclusicms reached were the following: Practically all the nitrogen 
consumed is excreted in the urine and feces. The diHerences observed were so small 
as to be within the limits of error. The view maintained by Voit concerning this ques- 
tion is therefore correct. The above conclusion is further strengthened from the fact 
that all the sulphur consumed was recovennl in the urine and feces. In the case of 
sulphur there is no question of an excretion in the respiratory products. Since the 
same care was observed in determining the balance of income and outgo of nitrogen, 
it was believed that the results obtained were eipially trustworthy. 

Comparatively little difiorence was observ«'d in the results when the diflorent 
analytical methods were employed. The differences are less marked when the aver- 
ages are taken, as in the table, than when the e^^periments are considered as a whole. 
In the preliminary period of 5 days the total nitrogen consumed, as determined by 
the Will method, was 106.6 grams. The total amount excreted in the urine and 
feces, using Liebig's method for urine, was 97.51 grams; using Voit's method, 99.40 
grams. The total amount of nitrogen in the food in the 7-day period, as determined 
by the Dumas method, was 154.81 grams; as determined by the Will method, 154.14 
grams; as calculated, using the factor mentioned above, 149.27 grams. During this 
period the total nitrogen excreted in the ui-ine and feces, using Voit's method for 
urine, was 155.02 grams ; using Liebig'S method for urine, 150.82 grams. The total 
amount of nitrogen in the food in the 10-day period was 213.72 by the Dumas method 
and 213.0() by the Will method; as calculated, the amount was 213.24 grams. The 
total nitr(»gen in the urine and feces, using Voit's method for urine, was 213.26 
grams; using Liebig's method, for the urine, it was 216.47 grams. 

The total amount of meat consumed during the last 10 days of the experiment was 
6,000 grams. On the basis of excreted nitrogen, the author calculated that 5,986 
grams had been motabidized. On the basis of excreted sulphur the amount of meat 
metabolized was calculated to be 5,098 grams. The balance of income and outgo of 
water was also calculated. The article contains an extended review of the litera- 
ture, particularly of the controversy regarding the excretion of nitrogen in the 
respiratory products, and of the accuracy of various analytical methods. 

No8. 2616-2619 were made by Gruber at the laboratory of the Physiological Insti- 
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iuto tti Muui<;h ill 18H3. The ofiject wan to te«t the tmth of tb<* t)ieory th»t all ex- 
cretory II f trogeu leaves the body in the urine ami feeee. The subject was a female dug. 
Tlie food roiinieted of frenh meat and bacon, which was very carefully prepared in the 
way luttial at the Munich laboratory. The nrine was collected with a catheter. The 
nltroi^en in the meat was detemiine<I by the Will-Warrentrapp method. In the 
bacon it wom ralciilatcd from HoflTuian'e figures. The nitrof^en in the urine and feeee 
waM diitermiiied. Careful rec<irdH were kept of the dog^H weight, correction being 
iiitrwlnced for the (eveB prodiic«Ml. 

'I*he exi>erimente are ro^^arded an additional proof that all nitrogen is excreted in 
the urine and favfMf Hin<;o the diflerence between total consumo<l and excreted nitro- 
gen ill the experiiiieiite was very nmal]. The dog's weight varitMl within small limits. 

No. 2^i02O was made by RicMler at the laboratory of the Physiological Institnte in 
Munich in 1884, and forms a series with Nos. 4 18-420, Table 7. The object was to 
investigate the amount of nitrogen in the fe<'eA which was due to undigested residue. 
The subject of this experiment was a dog. The food, which contained no nitrogen, 
consisted of starch and fat. The nitrogen in the urine and feces was determined. 
Other exiieriments, in which the nitrogen was determined in the feces but not in the 
urine, were made with the same subject, on a diet of starch and fat, a diet of meat, 
and while fiisting. These could not be included in the present compilation. 

When food free fVoni nitrogen was consumed, more nitrogen was excreted in the 
feces than during hunger, and as muirh as when meat was coiisumefl; that is, in 
every case the nitrogen of the feces was due to metabolic products, and the more 
work the intestine performed in digesting the food the greater the amount of snob 
products. 

Nos. 2B21-2G35 wore made by Rudeuko at St. Petersburg in 1885. The object was 
to study the assimilation of the nitrogenous constituents of milk, and the metabolism 
of nitrogen on an absolute milk diet. The experiments form a series with Nos. 54 
to 78, Table 2. In the experiments with men iiud <logH the author experienced great 
didlculty ill keeping subjects for any considerable time on an absolute milk diet. 
Ill the experiments with dogs, an absolute milk diet produce<l intestinal derangements 
and diarrhea. In order to avoid this, several articles wore fed witli the milk, and 
the best results were obtained wlion small quantities of cheese were used. The 
nitrog<*n of tht^ milk consumed, and of the urine and ft^cos, was determined by 
the KJeldahl method, and the fat in the milk by the Soxhh^t nu^thod. In several tests 
a mixture of salts which approximated the ash of casein was fed with the milk. 

The ]irineipal conchisi(ms reached were the following: The OHsimilation of the 
nitrogen of milk when fed alone was more ccmiplet^^ than that of black bread, but 
less ooniplet4^ than that of milk and cheese. When bread and meat were fed, the 
feces contained about three times as much nitrogen oh was the case when milk and 
meat were fed. More nitrogen was excreted in the fecc« on an absolute milk diet 
than on a meat diet. It was found possible to maintain dogs in nitrogen e(|uilibrium 
on an absolute milk diet. In determining the quantity of milk nec<*ssary for this 
purpose, allowance must bo made for the large amount of unasHimilated nitrogen. 
When milk w:is fed in place of bread, there was a small gain of fat and the metabo- 
lism of nitrogen wan iiitensilie<l. More nrine was excreted on an absolnti^ly milk diet 
than on any other. 

N\»s. 2(>I)6-2t>48 were made by Pollitzer at the laboratory of the Physiological Insti- 
tut4' of lk>nn in 1885 ( f ). 'The object was to stu<ly the nutrition of a dog when pep- 
tones, olbumoses, and gelatin were fed in place of meat. The dog was fed rice, 
starch (which was practically free from nitrogen), and fat, with a little salt. To 
these either meat or peptone, protoalbumose, heteroalbumose, or gelatin was added. 
The nitrogen in the food, urine, and feces was determined. 

The conclusion was reaclu^ that when peptones were fed the gain in nitrogen was 
the same an when meat was eaten, while the gain of nitrogen on a diet containing 
albumoses was greater; that is. the nutritive value of peptone is about the same as 
that of meat, while that of albumoee is greater. The dog lost in weight while con- 
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.Sliming peptoues. lu tho author'n opinion tills was probably dne to the fact that 
peptones caused diarrlien. 

Nos. 2644-2657 were nia<le by Pott hast atthe laboratory of tho Department of Animal 
Physiology of the Agricultural Institute at Berlin in 18H6. The object was to dett^r- 
mine the effect of the consumption of protein from different sources on the metabo- 
lism of protein in the animal organism. The subject was a dog. The fooil consisted 
of meat, meatmeal^ casein, lentils, wheat gluten, and lupines. The water, ash, fat, and 
fiber, and nitrogen in the food and feces and the nitrogen in the urine were deter- 
mined. The crnde fiber in the feces was calculated. The casein was prepared from 
milk. The lentils and gluten were ground before feeding. The bitter principle was 
removed from the lupines, and they were then hulled, dried, and ground. Each of 
these different ai-ticles was cooked in water with fat or starch, or both. In eonipar* 
ing the different foods, it was the author's int<'ntion to feed about the same amount 
of nitrogen and digestible nitrogen-free material in each period. 

The following conclusions were reached: The experiments show that the nitrogen 
content of protein compounds is not a measure of their actual nutritive value. Thus 
the lupines contained tlie highest percentage of nitrogen, but had the least nutritive 
value The prot4?in of tho meat, meat meal, casein, lentils, and gluten had about 
the same value. 

Zuntz repeated Home of I'otthast's work .with the same subject, and the author 
quotes the results in detail. The nitrogen in the food consumed, however, is not 
recorded. The test was divided into three ]>eriods. In the first period the ration 
consisted of 35 grams of tli« name meat meal used in the above experiment, 50 grams 
of starch, and 50 grams of fat. In the second period the ration consisted of 42 grams 
of lupine meal, 37.5 grams of starch, and 36 grams of fat. In the third period the 
ration was the same as in tlie first. The nitrogen excreted in the different periods 
in the urine, feces, and hair is shown in the following table: 

The txrretion of nitrogen on different dietn. 



Kation. 



Meat meal... 
Lupine meal. 
Meat meal... 



Nitrogen In— j Xotal 

— I . nitroffeu 

CTrino. Feces. ' Hair, excreted. 



Oramt. (iram. Gram. Oram*. 
3.00 ; 0.43 U.OO 4.52 



4.30 .41 

3. 48 .43 



.00 I 4.88 

.00 ' 3.00 



From these experiments the cimclnsion was drawn that the nitrogen of the meat 
meal ration was sufficient .to maintain the dog in nitrogen equilibrium. When the 
same amount of nitrogen was fed in the lupine meal ration there was a daily loss of 
nitrogen equivalent to 17.3 grams of fiesh. 

The subject is discussed at length and extended reference is made to the work of 
other observers. 

Nos. 2658, 2659 were made by Constantinidi in Munich, and form a series with 
Nos. 2 and 3, Table 1. The object was to investigate the digestibility of wheat gluten. 
The subject was a dog. The food consisted of wheat gluten and bacon. The water, 
nitrogen, fat, starrli, cellulose, and ash in the gluten were determined, and in the 
bacon the water, connective tissue, nitrogen, and fat were calculated from Hofl- 
man's figures. The urine was connected with a catheter. The nitrogen in it was 
<letermined by the Schneider-Seegen methoil. The nitrogen, ash, ether extract, 
alcohol extract, and water extract in the feces were determined. The gluten was 
very thoroughly assimilated, and in the author's opinion the small amount of nitro- 
gen in the feces is not due to undigested residue, but to metabolic pro<lnct8. 

Nos. 2660-2698 were made by Kolpakcha at the medical department of the Uni- 
versity of Kharkov in 1887. The object was to learn the real source of the nitrogen 

749— No. 45 21* 
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in the nrine — that in, to determine whether it is derived directly from the protein 
connumed in tlie fowl, from protein stored in the tissue, or from actnal protein tis- 
sne — and, further, to stady the nature of stored protein. The exx>erimeDte were 
nia<1e with do^s. The food consiste<l of meat, gelatin, white and yolk of eggs, fat, 
and stnrrh, which wero fed alone or in combination. 

Tlie nitrogen of the foo<l, urine, and feces was determined by the KJeldahl- Borodin 
miahod, nnd thn phosphoric acid by the volnmetrio method, using uranium nitrate. 
In some cases the sulphur, the alkali phosphates^ and the alkali earth phosphates 
were determined. 

The author oudoavon^d to solve the problems under consideration by comparing 
the ratios of phosphoric acid to nitrogen and sulphur to nitrogen in the food con- 
sumod and in the urino. By repeated analyses it was found that those ratios in the 
foods were as follows : 

In meat, P^OftiN:: 1:7.3; 8:N::1:15.6. 

In gelatin (no P^Oa), S : N : : 1 : 22.5. 

In whites of eggs, P«Oa : N : : 1 : 47.6 ; S : N : : 1 : 9.8. 

In yolks of eggs, PaOs : N : : 1 : 1.8. 

The figures show that the protein in the different foods contains nitrogen, phos- 
phoric acid, and sulphur in different proportions. The ratio of these elements in 
the urine was found to vary under different conditions of feeding and partial or 
complete, fasting. Knowing the ratio of these elements in the fc^ and in the 
urine and the ratio in the urino during partial or complete fasting, the author 
believed it was possible to Judge whether the nitrogen 4n the urine came from the 
breaking down of the protein of the food consumed or fh)m the breaking down of 
tissue protein. 

The general plan of the experiments was to bring the subject into a condition of 
nitrogen equilibrium and then to either vary the character <if the food (the amount 
of nitrogen remaining the same) or increase the amount of food. There were also 
periods of partial or complete fasting. 

Eight experiments wore ma<le. Since they are the only ones of this nature found 
by the eompilorH, they will be described in detail. 

The first experiment (Nos. 26(i0-26(»3) was of 1(5 days' duration and was divided 
into four periods. In the first period (No. 2660) the food oonHiHted of 6<X) grams lean 
meat daily, the ratio of phosphoric acid to nitrogen being 1:7.3. Practically as 
much phosphoric ncid and nitrogen were excreted in the urine as were consumed in 
the food, and the ratio was the same. Therefore the conclusion seems warranted 
that the phosphoric acid and nitrogen in the urine were derived from the breaking 
down of the protein compounds actually consumed in the food. 

In the two following poriodH (Nos. 2661 and 2662) the dog was fed largo f|uantities of 
moat. i. e.. increaHo<l (luantities of phosphoric acid and nitrogen. The amount of 
these elements excreted in the urine was alsu increased, but the ratio remained 
practically unchanged. This again indicates that the protein which was broken 
down to furnish the phosphoric acid and nitrogen in the urine was that consumcHl in 
the food. All the nitrogen c<msumed was not excret<Hl, and therefore a part of the 
protein of the food was retained in the organism. The ratio of retained phosphoric 
acid to nitrogen was 1 :1>.5, or very nearly the same as the ratio in meat. 

In the fourth perioil (No. 26<)3) the dog fa^ted. In the first days of fasting the 
ratio of phosphoric acid to nitrogen in the urine variiul from 1:6.7 to 1:4.5. It 
then became almost constant (about 1:4). This would indicate that while fast- 
ing two kinds of protein are broken down, (U •* stored protein'" ( Vorrathseiweiss), 
i.e., protein which is retained in the body after excessive feedin^j and which has 
not yet had time to become a part of the actual body tissue: and (2) tissue protein, 
that is, protein which has actually become a part of the cell walls of the nitrogenons 
tissue of the iH^ly. The former is broken down with comparative case, while the 
latter is mor** stable. From the ratio of phosphoric acid to nitrogen in the urine 
it would seem that the cleavage of tissue protein begins on the first day of 
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fasting. However, at first it is very largely stored protein which is broken down. 
As the stored protein is exhaasted the organism approaches a condition when it 
must exist exclosively on its own tisHues. If this condition is reached in the later 
days of fasting, then it may be assnmed that the nitrogen and phosphoric acid in 
the urine are directly derived from protein of tissue and that the ratio of phosphoric 
acid to nitrogen in the urine (1 : 3.9 to 1 : 4.1) is the ratio of tissue protein also. 

The protein assimilated from the food serves two purposes: (1) by being broken 
down it furnishes energy for carrying oH the work of the organism, thus protecting 
protein of tissue; and (2) when excessive quantities of food are consumed the pro- 
tein goes to form stored protein, which under favorable conditions may become 
organized protein, i. e., protein of tissue. 

The second experiment (Nos. 2664 aud 2665) lasted 14 days and was divided into 
two periods. After a preliminary period in which the dog was brought into nitro- 
gen equilibrium it was fed excessive quantities of meat (No. 2664). The results 
obtained suggest that protein which is broken down in tbe organism and assimilated 
corresponds in chemical composition to the protein of the food. During the last 
period of this experiment (No. 2665) a ration consisting of fat and starch and con- 
taining no nitrogen was fed. As in the case of absolute fasting in the previous 
experiment the amount of nitrogen and phosphoric acid in the urine decreased on 
each succeeding day, but the ratio of one to the other was constant from the fifth 
day on. The ratio of these elements in the urine indicated in both cases (complete 
fasting and nitrogen-f^e food) whether stored protein or tissue protein or both 
were broken down, and also the quantity of each. The author believes that the 
increased amount of phosphoric acid in the urine in the last days of tbe fasting 
period is due to the fact that not only protein of nitrogenous tissue was broken 
down, but also protein from the bones. The bones are particularly rich in alkali 
earth phosphates, and during the period of fasting the proportion of alkali earth 
phosphates to alkali phosphates in the urine increased. 

In order to study this point further, experiments were made in which the subject 
was fed white of egg, yolk of egg, and gelatin ; i. e., protein compounds which contain 
nitrogen, phosphoric acid, aud sulphur in different proportions ft'om meat. 

Tbe third experiment (Nos. 2666-2672) lasted 18 days and was divided into three 
periods. In the first period (No. 2666) the subject was fed 5(X) grams meat and 200 
grams lard daily until in a condition of equilibrium; that is, the outgo of nitrogen, 
phosphoric acid, and sulphur in the urine was equal to the amounts consumed. Tbe 
ratio of these substances in the urine (P^Oe : N: : 1 : 6.9-7.1 ; S : N : : 1 : 15.1-16.8) was 
also about the same as in the meat. 

During tbe following periods (Nos. 2667-2671) the dog received various quantities 
of white of egg with a little lard. 

During the last period (No. 2672) the dog fasted. When passing from the meat ration 
to the white of egg ration the relative amount of phosphoric acid in the urine dimin- 
ished, while the quantity of sulphur increased. A comparison of the ratios of phos- 
phoric acid and sulphur to nitrogen in the food and uriue indicates that the organism 
utilized some protein in addition U> that in the food. The ratio of phosphoric acid to 
nitrogen in the urine during the period in which white of egg was consumed varied 
considerably. The relatively large amount of phosphoric acid in the first days of 
the period was due to the fact that some of it was derived from body tissue. The 
relatively small amount of ])hosphoric acid in the last days of the period must be 
accounted for on the basis of Forster's investigatitms, which show that when the 
organism is supplied with food poor in phosphoric acid it retains some of the phos- 
phoric acid formed from the protein which is broken down. The other conclusions 
derived from this experiment in general agree with those previously stated. 

The fourth experiment (Nos. 2673-2675) was practically a repetition of the preced- 
ing. The conclusions reached were as follows : The increased amount of nitrogen in 
the urine in the first period (No. 2673) indicated that the most favorable conditions 
for the breaking down of protein in the organism were (1) the consumption of excess- 
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\ye amounts of protein and (2) the condition of the orfj^anism as to protein which 
exists after fasting. Tht' amonnts and ratio of nitrogen and sulphur in the urine 
indicated that during the first period only protein from the food was broken down. 
There was a decrease in the amount of nitrogen m the urine in the second period. 
While fasting, i. e., when the organism consumed its own tissue, the ratio of phosphoric 
acid to nitrogen was 1 : 3.9-4.1. 

The fifth experiment (Nos. 2676-2680) lasted 13 days and was divided into three 
periods. It was undertaken chiefiy for the sake of observing the influence of gelatin, 
which contains no phosphoric acid, on the breaking down of protein in the organism. 
In the first period (No. 2676) the ration consisted of meat and lard, in the second 
(Nos. 2677-2679) of gelatin and lard, while in the tliinl (No. 2680) the subject fasted. 
In passing from the meat to the gelatin ration the quantity of nitrogen in the urine 
increased while the phosphoric acid decreased, though it did not eutirely disappear. 
Conse([neutly the consumption of gelatin alone can not prevent the breaking down 
of protein tissue; that is, the organism lives not only at the expense of the gelatin, 
but also at the expense of its own tissue. The increase in the amount of alkali earth 
phoHphates, as compared with the alkali phosphates in the urine during the second 
period, indicated that not only when fasting, but also when the food consumed was 
insufficient, tho nitrogenous tissue of the bones as well as the tissue protein was 
utilized. 

The sixth (Nos. 2681-2690), seventh (Nos. 2691-2694), and eighth (Nos. 2695-2698) 
experiments were mside to verify the results of the previous ones, and in general the 
uonclusions drawn from them were the same. 

From all his experiments th<^ author draws the following conclusions: When food 
is consumed circulating protein and stoned protein (which Voit calls Circulerende»- 
eiweies and Vorrtheiweits) appear to be iilentical in chemical composition with the 
protein of the food. When the food contains a sufficient amount of protein very 
little protein of tissue is broken down, since it in protected by the protein of the 
food. The tendency of the organism to break down only consumed protein is most 
noticeable under the following conditions: (1) When tho income of protein in the 
food is excessive, (2) during nutrition after fasting, and (3) when the daily quantity 
of food is consumed at several difierent times. This theory also holds good in a 
comparison of the income and outgo of carbon, hydrogen, and oxygen. Thus the 
problem of nutrition comcH to be the protection of the tissue from destruction, and 
not the destroying and rebuilding of tissue; and the nutrients consumed must Herve 
for the production of the energy of the organism. Foods should he selected quali- 
tatively and quantitatively according to their power to protect tissue. In experi- 
ments made to learn the nutritive value of a food material it is not sufficient to 
determine the nitrogen in the income aud outgo. The phosphoric acid must also be 
determined as well as the ratio of phosphoric acid to nitrogen in the food and urine, 
since it is these factors which indicate whether tissue protein or other protein is 
being broken down. A knowledge of tho relative amount of phosphoric acid in the 
tissue protein seems to be a very important aud necessary factor in determining 
whether tissue or food protein is being broken down at any given time. Further, 
knowing the relative amount of phosphoric acid in the food, tissue protein, and 
urine, the quantity of each sort of protein which is broken down may be expressed 
mathematically. The author gives formulas for this purpose. When fasting the 
amount of tissue protein broken down as compared with stored protein is very small. 
The protein of the food and stored protein are broken down very readily, but the 
organism makes every attem))t to protect tissue protein from consumption. 

Nos. 2699-2702 were made by Bergeat at the laboratory of the Physiological Insti- 
tute at Munich in 1885-86. The object was to determine the tligestibility of thymus 
gland, lungs, and liver by a dog. These articles were fed to the subject after a 
period of fasting. A sufficient quantity of each was prepared for the whole experi- 
ment by removing all connective tissue, etc. The He])aration of the feces was made 
by feeding bones. Tho nitrogen, ash,'pho8phoric acid, ether extract, alcohol extract^ 
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and water extract in food and feces were determined. The nitrogen in the urine was 
determined by the Sohneider-Seegen method. The phosphoric aoid and cyanuric 
acid wore iilso determined. 

The conclnsion is reached that tlie dij<estibility of the foods under discussion did 
not differ materially from that of meat. 

The anthor discusses the term ' ' digestibility " at considerable length, and points 
out the difference between actual digestibility and ease of digestion. 

Nas. 2703, 2704. See Nos. 195, 196, Table 2. 

Nos. 2705-2736 were made by Munk at Berlin in 1890 and 1891. The object was to 
study metabolism on a diet which furnished an abundance of energy but contained 
little protein. The experiments were made with a view to determining the amount 
of protein which is actually essential for the animal organism. The subjects were 
dogs. The food consisted of meat, fat, and rice cooked together in water. The nitro- 
gen in the food, urine, and feces was determined by the Kjeldalil method. The fat in 
the feces was also determined. In a few cases in which the nitrogen of the feces was 
not stated it was supplied by the compilers from other experiments in this series in 
which the food was the same. Four series of experiments were made. In every case, 
after a few days on a ration containing an abundance of protein, the dogs were fed a 
ration which furnished an abundance of energy but contained a small amount of 
protein. This was continued for 9 to 11 weeks, when a ration containing a large 
amount of protein was again supplied. 

Although the ration coutaining insntificient protein was made np of meat, fat, and 
rice and was relished at first, after following it for a considerable time it became 
distasteful to the subjects. They could be induced to eat it 'only by feeding it in 
several portions, and eventually they refused it altogether. Even before the loss of 
appetite was noticed the subjects became weak. At first the ration was well digested, 
but gra<lually the assimilation became poorer, the decrease in assimilation of fat 
being greatest, of protein less, and of carbohydrates least. It was thought that the 
lack of assimilation was largely caused by a diminution in the secretion of the digest- 
ive juices. 

The ration which was poor in protein but furnished an abundance of energy, when 
followed for a long time produced disturbances in the organism. The amount of 
disturbance was influenced by the individual characteristics of the subjects. The 
dogs recovered their normal condition very quickly when a ration containing an 
abundance of protein and little nitrogen-free material was again supplied. If, how- 
ever, the subject is for any reason weak the ration poor in protein sometimes causes 
death when followed for a time. 

From these experiments the anthor concludes that for a dog weighing 10 kilograms 
a ration furnishing 0.255 gram of nitrogen (equal to 1.6 grams of protein) and 100 or 
more calories per kilogram per body weight is not sufficient for the demands of the 
organism. A ration of the same fuel value must contain at least 0.31 gram of nitro- 
gen (equal to 2.9 grams of protein) per kilogram body weight if the subject is to be 
maintained in nitrogen equilibrium and not lose weight. 

For purposes of comparison the author quotes an experiment with a fasting dog 
(No. 2736) from his unpublished investigations. 

The amount of protein actually required by man and animals is discussed at length 
and the results of other investigators are quoted. 

Nos. 2737-2744 were made by Marcuse at the Physiological Institute of the Univer- 
sity of Breslau in 1894. The object was to study the nutritive value of casein as 
compared with meat. The subjects were two dogs. Five tests were made, three of 
which were divided into two periods. In two cases a jieriod with casein followe<l 
and in one case preceded a peiiod with meat diet. - Practically the same amount of 
nitrogen was couHinned in each case. In the two remaining tests the diet consisted 
of casein and casein-calcium. Lard and starch were fed with the meat and casein, 
and meat extract was generally added to the food to make it more palatable. With 
the casein a mixture of salts, approximating milk ash, was also fed. Water was 
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oonsnmed with the food, the amotint being recorded. The urine was collected with 
a catheter. The feces was osnally separated by feeding infasorial earth ; sometimes, 
however, small porcelain beads in capsules were used. 

The conclusion was reached that casein has the same nntritive value as the 
albuminoids of meat. 

The author gives an extended review of previous investigations on this subject. 

No. 2745 was made by Lange at the Medical Institute at the University of Leipsic 
in 1K95^ in connection with an investigation of the metabolism of nursing children 
on a diet of cows' milk. The subject was a dog 14 days old. The food consisted of 
milk sterilized with Soxhlet's apparatus. The urine and feces were collected together. 
The nitrogen in the food, urine, and feces was determined. 

The conclusion was reached that in the case of young animals there is the same 
discrepancy between the amount of nitrogen retained in the body and the gain in 
weight as was observed in the case of children (see Nos. 116-125, Table 2). 

Experiments were made by Zuntz ^ to study the nntritive value of meat peptones. 
By an oversight these were omitted from the tables. The subjectH were two dogs 
weighing 3.1 and 5.2 kilograms, respectively. The first experiment was divided into 
five periods of five, six, five, four, and five days' duration. In the firnt, third, and 
fifth periods the food consisted of 120 grams of meat and 20 gramH of fat ; in the 
second period 48.5 grams of Kemmerich's meat peptone, and in th<; fourth period 
60.7 grams of Koch's meat peptone were substitnt'ed for the meat. 

The nitrogen in the food in the different periods was 3.9, 4.7, 3.9, 4.9, and 3.9 grams ; 
in the urine, 3.4, 4.8, 3.3, 5.0, and 3.3 grams, and in the feces 0.3, 0.4, 0.4, 0.4, and 
0.3 gram. In the first, third, and fifth periods there was a gain of 0.2, 0.2, and 0.3 
gram, respectively, while in both the second and fourth periodn there waH a loss of 
0.5 gram. 

The second experiment was divided into three periods of one, ten, and four days, 
respectively. In the first period the food consisted of 70 grams of ri<'e and 10 grams 
of fat; in the second period 40.4 to 60.6 grams of Kenimerich's meat peptone was 
taken in afldition, and in the third period 75.8 grams of Koch's meat peptone. 

The nitrogen in the food in the several periods was 0.7, 4.K, and ().8 grams; in the 
urine 1.8, 4, and 6.1 grams, and in the feces, 0.1, 0.4, and 0.2 gram. In the first 
period there was a loss of 1.2 grams and in the second and third poriodH there was a 
gain of 0.4 and 0.5 gram, respectively. 

The conclusion was reached that the t^o peptoneM had a high nutritive value, 
Kenimerich's being somewhat superior to Koch's in this renpect. 

INFLUENCE OF OTHER CONDITIONS THAN FEEDING. 

In Table 29 are included 244 teats with dogs under various more or 
less abnormal or unusual conditions. In experiments Nos. 2746-2750 
the subjects were fasting, in Nos. 2751-2955 the inthiencte of various 
drugs was tested, in Nos. 2956-2962 the eftect of baths was observed, 
and in Nos. 2963-2972 the influence of pregnancy and other pliases of 
sexual life was studie<l. In all these experiments the dojjs were in 
health. In Nos. 2973-2987 the dogs were suffering from the eflects of a 
surgical operation. 

An experiment with a dog on the influence of hot baths in which the 
balance of income and outgo of carbon was determined in addition to 
that of nitrogen will be found in Table 38. 



^Pliiiger's Arch., 37 (1885), p. 313. 



BXPESIHENT8 WITH DOGS. 



327 



0» 

s; 



IS 

o 



s 



s 

i 






1 



< 



J3 



"3 "3 "3 "3 "3 

tt ce « c OB 

6 E a s s 

S S 5 9 

•S •§ "S "S I 

« • (0 <e c 

i B B B B 

t£ ^ bo be qA 



1-4 M CO 



e>i 



a d d d a 

O V ® O O 

> ^ u > >• 

'ofj 'u) '& "Si *& 



3 





•3 


s 


S 




s 


s 





1 


1 


1 


1 


a 


• 

a 


tH 


w 


«• 


a 


a 


d 


^ 




g 



•3 

a 





•3 

OB 



1 1 

i i 



u 'S» 



sas-ss saa 
^ ► ► ^ g ^ P > 

1^ at S'S ^ « S 4 SS d S fli 1^ c3 S at 






ec so CO CO CO 



CA (A CQ 



^ CO 

a 

a 

► . 



a 
o 

a 



V 5 

i i 
1 1 

i i 

1-1 ff« 

ho bO 
CO « 

s a 

u ct V el 

9 a V a 

fi?i 

CO CO 



a 

I 



Oft «iOM>^ 



I . <« t* <D (O t;« iH 04 O t« O O Oft O 00 

•(-)880|J0 go;t^Qd-*Je4o^ ^ ei ci ^ ^^ ^ 



• * • ■ • 



-e^ooj aj 



^ 9000000 



10 -^co 

• • • • 

o o o o 



• • • 

oo o 



•« O 91 CO CO 

• • • • • 

o eooo 



t*«H ^ eo ^oiA n <D 
oo oo 0'<«>ej A t« 

I I ++ + + + -f- + 



coco ^■^ HI 

• • • • • 

oo oo ©__ ^ „ 



^ <«• t* CD CO t« t« CO iA 00 



-__-- o o t"^ 00 t»^eociio 

'OU}jn aj ^aftt>^aO'^e4coe4 •-; ci tti cd ■««•« i-J 



• • • • 

eo ■«»■«»" 



ss 



•xiO OCO M 
lO 



Sm ^ e« 






•poojni 



^ooooooo 

^ • • • • 



oo 



,000001 



o oo oo 

• • • • • 

f-t l-4^SlO 



o oo ooo o o 

• • « • • 9 • • • 

ita 1-11-1 i-« eo « n m 



'••«0eot«i-ii-it«o o o o 00 QO o ooO'<«>ao 



*a 



lACD 



cooo ^go 



s s 






to 
^ o o 

C • 
Ct ' 



ii 

aa 

• ■ 

ooaao e e o 
■CO tiQO 'w 'd 'C "C 



e e s 



a 



a 



.-s 



s 



a 



ooo bOo o o 



o 

00 



^Nt^OO 



iq»PAv ; ^s^gsas 



§ 



ra 

a 

3 



CI 






o 
•d 



o 



•s 



o 
•d 



o 
•d 



^ 



a 



i 

8 

I 

a 



e o too o o 
'd o'd "d "d 



u 

o 



o 
'd 

s 

to 

e 
oo 



c o c o g o 
•d'd'd'd ^"d 



x 



oo o ooo. ooo 
nsna -d "d ■d'd w/d-d-d 

rO 



o 
-d 



e 
•d 



o 



o o o c 

"d 'd'd "d 



OOO 

•d "d'd, 



o o o : o 
"d'd "d .."d 
bo 

o 

Q 



o o 



OOO 

-d-d-d 



o o o f o 

^ " "- bf. 

•9 • 
' Ji • 



o 
•d 



o 
■d 









X 00 00 X X Ob X 00 X 00 XXXXXX XX X X X X 



U9qaina ih|jos 



2»29g20.^N eo "H" U5 o h-oo Oft o •-•©icoiioo fcx oo^ ci eo 
t^ ' "^ *'^ oo o ococeovoo co0vt«r» i-"!-* 

C4MClC4^C4ci S^4 ^ ^ 2^4 C4^ £« M^^^^^^ SiS^^I^^ C4ci 



828 



A DIGEST OP METABOLISM EXPERIMEHT8. 



M 



it 



1 

P 

a 
§ 



I 

3 

a 



i 

a 

> 

8 

u 



i 



6 

» 

a 

u 

e 
E 

I 



I 

••• 
be 

8 

!| 






a 






8 
I 

-St 

8 



%% % 

CO X 






I 



s 

O 

a 
t 

ce 



a 

8 



I I I I 



Si IS 



o 



5^ i 



Q 0*« O 



C 

c 

s 



a B a 

& « c 

> > > 

"u "u. "^ 

8 3 8 

ir K ir 





if 



I: S i 

P 3 P 

S = S 8 

X X SO !:c 












9 3< 



,aot*«D Oft eo o 00 CO t- iO 



1 . 



. (+) «n»o ;5+ + + +-t--r-] I I + 1 |+- I I I 



oi M e» <D CI ^ t« 91 

d 



d d d d d < 



ov^^ •^•^ so v^p o p 
+ ■♦"*- + + + + + + II 1 






<D «D «D CO 09 n 09 '<* ^ eo R <D '<«i '<•■ ^ •» n m <« lO '^ «« lO "» 

ooooeodooooo o o 9 o 



'Ma|jn a I 



I 



Ok iOt*k»aO'^«oe»o r<-eN^e»«C'OOei9ioeoe«Mt«o et 
r*iib <dd<^iAao<^mH ci«e<9eiNcie«Me«»Je4eie4tit' C: 



JvokM nr»^«*«ooo oeosiAi^tfto «o<D«o«p«D«ce(o«0e«o«o<DNc« m 






090CO nnnnnnnconnntiint^t^ t~ 

•M ^14 fpi^ (^ ri« >-4 1^ Vi4 i>^ r^ rH ^« »M ri« ^ C^l Ci 



I <»e9ao eooooM"* co C9 ia n '^ oo '<* co e« m 09 eo r^ eo 93 so co eo co co m '^ eo eo 

_ _ ^•^ ffl "^ f^ rm 0^ wm r^ 

'non«Jiici g 



1 



»« k h 

• • • 



BBS 

• • • 

009 



s 

i 

i 






•1'I>*1»A\ 



^ 



8 
X 



8 
« 

®a 

•tt 8 

8 

s 



as 

giro 



« 



$ 
B 



B 
u 



9 

i 

i 



s 






cs 
ft/ 

S 



o o 



oooOaOoEiSocooeoooooooopc 

-■ •^- -g* •■•••-■■■••■•- ■■ 



00 i-ifjr-i,.-ioi-i--so»i'>i'"«au'j — » 10 
-J ---ii-^«t-I-^d3:acxo6x'ao»rf-«» ^ 

CI CJCICIMCKN.-I — — t-i — .-i-HffJei e5 



t 

I 



00000 : o 

bfi 



0000000 



a 






O O O O 9 O 



tc 



o o c o C O 



o 



o 




o o o o o^ o 

8 



00000c Oji^ 

: 3 



OOOSOCOCCCOCCOO 



•ao|j 
'jvMiiiinai«(JO^ 



ww SxaDSDooaoao 0000x000000x00 xxxocxxxxxaoooaoooaDOO 



■S 



00 



'<«>tA«0 t*oooi9i-<NC5 'fiOoWi-apao i-.7ie5^»f5«i-X9 = *-cirJ^« 
i^t^t^ r^i^t^xxxoo xxccxxacx9 aaAAoaoftC A099900 



EXPERIMENTS WITH DOOS. 



329 




t if! fill I i ^ ^ i I s ^-^" 

S eeS sa e= StiSa eg S« ^0-^2 

■a 4-5 » 4 i i i 41 -a i 4 -a i « isl^ 

SlSSlfS SS 8| §i S 8| 55§ 55g §^ §< SS 8S Sol* 
•2Sf-g-i2-§ -gJ -§2 -§5 -si ^J p ^-g, -§•§, 9-9 ^-E. •^&tr5 

w ei-it- MtAe owt- M»^ «o(0'<*eQo i^iit mi* ,-^^h- o«-i eoco -tio w© o 

^ i-^pC) '-•OO OOO Oi-« OOSO'S O"^ PP OOO O^H 9<-? OO OvH ci 

I l!+ H-r +1+ +- + ++-f;- +1 11 +++ + + -h+ I I I 

^ -^^M -^nn ^Zin n "C-^ -^^ •*■* •^"^•^ -*•* •^■^■^ -^-^ -^^ o 

o OOO oo'o o'o'd o' ^ o'o oo OO o'oo o'o OOO oo' o'o o 

o »a o t> >^ 

^ OOO • • ,^ — _^ 

o ■^•Hta ©«o» oi->os C5'** •-""•'-^^•o o^ o-^ «o«DO t*o i--t-'* COM fl»Oio eoo 

^ !SSA i-^Oto in 9*6 ci oo ood or<^ <^oo otn o'cdin coo o<-'ih 9iei 

_^_^_^_^,^^__^_^_ __^__^_^_______ * !^^'^ ^^xi^ 

CI Cfl^^ ■^00t» C0>-<o> Oi— I f-i»«|.^^^»-< •—<»-< 1-^^ tH^^^M rm ,^ ,^ ,.* fm^ tHi-4 i^O O 

tj t*oo OOO o'o'o' t^r>^ t^t^i>i'^i«^ t^i'^ t«r«^ t^r^^i-^ t«^t«^ t>ii-^t>^ i^r«^ t-^o o 



eo cite-" w9ot« r-oo» Ori n'*«>^nfH co'^ 

M r-i ^ 



leo eoitio •^c* '<*^in -^lo ■^eo 



O OS© 



Sro -s fi-o 



o 



• o 

• o 



^ eootn oc o 

_g • • • ■ _< 

S S « M « »-< 



■s 



o : o 



S 

61) 



s 

a o 



I 

I 

s 

i 

d 



ES 



o o o o o 






o o 



o e Q 



o s 



eoo 

•O'O'O 



o e 

•O'O 



o 

ri 



i§ 



o . o 

'O "O 

^ fed 

o 



OOO 
•O'O'O 



e OOO o 

'O 'O'O'O 'O 



S 



e 

3 



lA 



o o o o o 

•O'O 'O'O'O 



o o 

•O'O 



o o 

•O'O 



OOO 
'O'OO 



o o 

'O'O 



o o e 

•O'O'O 



o o 

'O'O 



o 

'O 



o 



O OOO C^ OOCOO oo oo OOO oo OOO CO 
'O 'O'O'O 'O $ 'O'O'O'O'O 'O'O "O'O -ceo 'O'O -O'O'O 'O'O 



o 
-o 



:S 






a « 

" a 
a © 



Si 

O 



o n .^« 



00 Qoaoao oo — ^ ^.-.r-i ^ -^ ,M^»Hf-i-^ ^^ i-i ph ^,^^ t^mn ^^»^ i-i r-t i-i cm 
!C; £^!j;!^ fcSRS 2S2SS S2S 5P2SSSRSP 2R9 S2K 2SS2S 2P2S 2SS2? SS S S& 

oo 00 00 oo 00 Ob 00 00 00 00 00 00 X oc 00 X X 00 00 00 00 OO 90 00 00 OO 000000 00 00 00 40 



e 
•o 



N 

s 




3»o i-iNw •»f»ftO t«x oo^Mro ■»i»»o ot- «o^P •-•e* eo^" 



O I- 00 o 



iS i i s 



A DIGEST OP HETAB0LI8U EXPERIMENTS. 

iU i I til 





1 




i 


i 
1 


i 

i 




s 


1 




1 


1 




i 


t 



f if 






1+) ni«o I 



1 ^-Jf^ 1 



si-ill" |- 



I 1^ * 

11 1 t 



I % 



. I 



g SS !^2i ^22 



si ^Eiai; ^ jS«tJ :i^a ^ ^■^ s^5 g^^ 



■iq»i»M ij ■• 









It 



! i S S SSSi S Sli l§8 S is 811 ill 



""■'■™i ill iii§l i Mi III I 11 Hi ill 



EXPEBIUENT8 WITH DOOS. 

I I J 



t I 



6 ijl' 



= I . I 1 




IfsLsLs, 



r |3||S 






?lt1+ +++^ i+ + a tit litlti ntilt'' 1 Itil ?1 till 






^^^^^ai£ r- t:r;r^» >^i^ 



•" 




"- 


" " 


" 


" ;- 


■"•"■• 


*- "»- 


""8" - 


"- 


*- " 




=.» 


u 


: is : : 

Ml n 

Hi i: 

Hi n 

MiH 

'A ii^A 


ii 


g 
i 

E 

3 

I 

i 

1 
% 


4 


1 ii 

: ils 

is 

i ii 

111- 


; Is • i 
i ilii 

iUA 


44 444 


iMi 

i :l 

i :i 
i :! 

Nil 
84 ia, 

::is' 


M. 


'A i 


1 
■ 

4 4 

1 






i ;5 n 








I :^d ^s i i 




■ i is 






s 


s^ 


ii 


ill 


ii i 


^ ^ 


4 


\^ 




¥. Mi 


iir 


44 


M i 


'% 


^^ 


44 


Ms M 


U 4 


4 , 


- 


\i 


- ^¥ 


^ ^S 


?444 , 


^^ 


¥. i 


14- 

3 


^i 



liiii nil 11 I II ill 111111 |i||||| I i|i| 11 nil 
iliii imi ii I Ii III iillii lliliil I ilil 11 iill 



A DIGEST OF HETABOLieM EXPEBIHENTS. 

|ffl ^ |l |||sl I I * 



II 1 If i ?■" 



stili 



ir 



■«pnai j |.' 



una I' 



^^,^^^ ^^rj 



4!i 



15^ «M «44. 
" " ■ "I 



Ij^ ^IH ^l< 



5*^ 






1 \\i 

I Mi 






I I 11 I III III! Ilti$ sli sis sis 



■">-"■"»«! I I il i sis iiil sIMi ilS III ill 



EXPERIMENTS WITH D008. 



333 



lA 



O 



1 



o 
.o 






^ 

8 



III If 



S S t- 



a 

O 




I 



.S O es s 








bfi 



^ ^ •« 









'-? all's fl'^ 

o 




M)0 

•I 






leili 



£ 



Ca 5^ ©±» 

_ » C ajjg^ 

^ £ «^ s tt 



« 



s 



•^2 o 






• • • • 

oooo 

++++ 



(fl t- ^ <-< t- 



poo 



^2. 



'«a»ot'-o»o ceco 

• ••■•• •• 

..-■ •^ f-i d eo CO coco 

I I I I M 77 



• ■ • • 

oooo 



.... 

00 O 00 00 



dCi 

oo 



00 40 



CI 

o 

eo^ o o 



COOOCOCO"^''* •-••«# 

o o' o o o' o o o 



«»lOl* ®®?o 

. . . 

00 00 00 



*** f CJi-iO«0 CIC« 

...... .. 

t» 00 »^ o» CO o coco 



laiAAO ooftOx* ^^o o a» <e<0'«<ocoo coco 

ooadoo' oooooda oooo oooo cdc'ooo'^ oo 

•— I »-^ ^ »-< 



• • • 

OCQ O 
+ 1 + 



CO 

CO 



aoooi>t« '<«eoi-4t-> co'^oo coo <e <« eo i-h ic eo coo o 



o 

CO 



e e 



CO 

s 



S 

8 o 
II 

eg tf 

sa 



cS 

o 
o 



^ i 

i ^ 

s e 



»4 

o 

•A 



« 






I 

o 



V s s s 

•a .Sjo .a 

• . . • 

5 6S 






o o o £ tis o S-r-S S 
c* 



cicio 



o o 

•CO 



^ 



« 
cS! 



SI 

flt ee 

eo"^ 



00 ■« 

g** 

IP 

• c 

79 O • • Q OO 



s 



o 



to 



o o o 

rrt Tit* 



OOOO 
■ZS'S'd'O 



o o o 

•D'O'C 



o o 

•O'O 



u 

4) (n 

^? 

• • 

• • 

S2 

• 00 

ii 

f>o 



jO 


% 

e 



o 
•O 



o 
•o 



00 

cj 






o o o o o 

"O "CCw "O 



o o 



o c= o 
•ce^-o 

p : 



oooo 
■onnrs 



o o o 

'C'CO 



c o 

-co 



u 

o 



:S o o o o o 

•^•O'C'O'C'C 

ee 



tie 



o 



O 
•O 



o o 



'^ 



a, 

at 

H 







o 
•O 



o 
•O 



SIS 

00 00 



ssss 



gs* 



00 



O ( 

ao< 



Cft 08 O 0> 0> 0> 

00 00 00 00 00 00 

^^ »-< ig* »-< ^N ^- ^4 1 



00 00 S 



cortco eoncog •*•<•■>* ^^ ^ 



•rt eot-00 o o 
J "* •<• o 



^9* 

81^ 



s 

s 



i 



•neoo <e 
o oo d 



CO oeo C9 



00 CO CQ 


^ 


33.5 
33.5 
33.5 


• 

CO 
CO 



o ooo 



hi 

» 



t- 



cot- 
do 

+ + 




32.6 
32.2 


33.5 
33.6 


•«*o» 



I 

s 
s 

s 




S8S 



A DIQEST OP UBTABOLIBH BXPEBIHENTB. 




'■'-, i S illitti iiii 'imii illiii iiil 



EXPEBDIEirrS WITH DOGS. 



335 






i 



3s dS 






V 00 *T*Z tp4 • P A ^^ C« 

4ji i5st?i«-- 




8. 8^'» .^fiiJJigSj.-S^i 



P. ^ 






SS o 









log .o 




S 



mi 

|5a-ait2'8|S _ „ 











£gp, ^is^s-s ai .goo 3 fi 







"2 S A 






c-c 



.5 












3-S8||>5^j||^| 



3 







c 



OC4 

sS T-«i il ^. 

5z;d ^-« ^S 6 

g TS 5 . ♦> a . fct5 



2 * 
feS ^^ 



'"5 

4) 



C/3i 






^Sl'-f^ 



'H 






g-^?52jsS£§ 









^*sjlsi:^t3 






SS5:=|g-J 



. - «^3 d$ 3 o'Se« 
©op fc,« c^^^-SSB M «^ c8 

^s<0^dp;^i§;5HH 



* 55P, 



836 A DIGE8T OF METABOLISM EXPERIMEHTS. 

NoA. 2746-2760. 8«« Ncm^ 2455-2514, Table 28. 

NoH. 2751>27(S2 were made by Seegen in the laboratory of the Physiological Insti- 
tute ill Vienna in 1861-1803. The object was to investigate the influence of aodinm 
sulphate on tiietabolism. The subject was a dog. Twelve tests were made, of from 
7 to iU) days' dti ration. The foo«l consisted of meat and fat. In 8 tests sodiam sul- 
phate was given. The nitrogen in the urine was at first determineil by the Liebig 
titration method and later by tlie Hoda-lime method. The nitrogen in the meat 
UHi^d wiis calculated, using Volt's figure. The nitrogen in the feces was determined 
liy the soda-limo method. The urine was usually co11ecte<l directly, and any which 
was depoHitefl in the cage in which the dog was confined was collected in a dish 
placed under an opening in the floor. 

Tlie following conclusions were drawn : When sodium sulphate was consumed, the 
assimilation of the food was not affected. The feces contained the same amount 
of nitrogen and nearly tho same amount of fat as under nonnal conditions, but the 
water content was increaHed. The quantity of urine was normal, or a little less. 
Its nitrogen content was, however, much lowered. The gain in weight of the subjcKSt 
was not sufficient to account for the ditMTepancy between consumed and excreted 
nitrogen. The author believed that the metabolism of nitrogen-f^ee tissue (fat) was 
conMiderably increasf^d. 

Nos. 2763-2769 were made by Voit at the laboratory of the Physiological Institute 
in Munich in 1864. 'llic object was to determine the influence of sodium sulphate 
on nitrogen metaboliHm. The subject was a dog. The food consisted of meat, and 
in several ciuies fat also. The nitrogen in the food and feces was calculated and the 
urea in the urine determined. After the dog was in nitrogen equilibrium, sodium 
sulphate was given for a number of days. The conclusion was reached that the 
metabolism of protein was not at all afrect<^d by sodium sulphate. This is contrary 
to Beegen's opinion (see Nos. 2751-2762). 

Nos. 2770-2781 were made by Seegen in the laboratory of the Physiological Insti- 
tute in Vienna in 1866-67. The object was to study the infiuence of sodiam 
carbonate on tho metaboliHm of nitrogen. The nubjcct was a dog. During the 
experiments he was confined in a cage. Tlic fioor was of zinc, and inclined so that 
any urine deposited in the cage could bo collected in adinh placed underneath. The 
dog was trained to depcmit urine in a dinh, and in tho later experiments this was 
alwayH done. In the first experiments the fioor of the cage was wiped up with a 
large dry sponges which was wrighod before and after use. 

Twelve ti^Hts were made. In Nos. 2770-2773 the food consiRtcd of moat and fat, 
and in Nos. 2774-2781 of meat only. Sodium carbonate was given in 4 tests. The 
nitrogen in tho urine waH dt>terniinod by the soda-lime method; in the food it was 
ealculated, using Voit'n mean valu<* for meat (3.4 per cent). Analyses of meat 
showed that thin value was, how<>ver, a littlt> low. The nitrogen in the feces was 
determined. 

The c(»ncluHiou woh reache<l that under the infiuenoe of Hodium carbonate the 
exeretion of nitrogen through tho kidneys wan increased. 

Nos. 2782-2781) were nuido by von Boeck at the laboratory of the Physiological 
Institute in Munich in 1871 with a dog. The object was to determiue the influence 
of morphin, <[uinin, and arsenic-aeid on the metabolism of protein. The food con- 
sisted of meat and fat. The nitrogen in the meat was calculated from Volt's figure. 
Morpliin aeetate, quinin sulphate, and arst^nic-aeid were eaeh given for several days. 
Very little foml was given with the arsenic, in order that there might be no vomiting. 
In every case a period with the drugs wjis pn'coded and followed by a period with 
normal diet. The urea in the urine was determined by the Liebig method. Tho 
nitrt)gen in the feces was also determined. 

The following conelusions were reached : Morphin lowered the metabolism of pro- 
tein a scarcely preceptiblo amount; ([uinin lowennl it somewhat more than mor- 
phin; while areenie, in the doses given, exereised no efi'ect. 

Nos. 279<V-2803 were made by Muuk in the chemical laboratory of the Pathological 
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Institnle of the University of Berlin in 1877. The object was to study the physiolog- 
ical r61e of glycerin in' the animal organism. The subjects were 2 female dogs. The 
food consisted of meat and bacon. The nitrogen in the meat was calculated from 
Yoit's value. The nitrogen in the food and feces was determined, by the Schneider- 
Seegen method. The feces were separated by feeding the animals pulverized cork. 
The author divides the tests into 4 series. 

In the first series (Nos. 2790-2792) 25 grams of glycerin was fed in one period. 
This period was preceded and followed by a period with normal diet. The second 
series (Nos. 2793-2796) was divided into four periods. In the first the diet was 
normal; in the second 25 grams of glycerin was added; in the third period the diet 
was normal, and in the fourth period 25 grams of sugar was fed. In the third series 
(Nos. 2797-2800) the plan followed was the same as in the second, except that 30 
grams of glycerin and 30 grams of sugar were fed. In the fourth series (Nos. 2801- 
2803) a period with 30 grams of glycerin was preceded and followed by a normal 
period. 

The conclusion was reached that glycerin had no efiect upon the breaking down of 
protein in the organism. In other words, it did not protect protein. 

The literature of the subject is reviewed at length. 

Nos. 2804-2811 were made by Munk in the physiological laboratory of the Veter- 
inary Institute in Berlin in 1878 and 1879. The object was to study the value of 
fat and its constituents in metaboliam, or, more definitely, (1) to compare the amount 
of fatty acids and their salts (soaps) in the feces, (2) to determine the digestibility of 
the fats and fatty acids and their salts in the chyle, and (3) to investigate the infln- 
euce of fats and fatty acids upon the decomposition of protein in the organism. The 
subjects were 2 dogs, and the food consisted of meat. In the different periods a 
definite amount of fat or the fatty acids derived from the same quantity of fat were 
also fed. The feces were separated with pulverized cork. The nitrogen in the food 
was calculated from Voit's figure. The nitrogen in the urine and feces was deter- 
mined by the Seegen method. 

The following conclusions were reached: Fatty acids protect protein in the same 
way as the equivalent quantity of fat. AVhen considerable quantities of fatty acids 
are fed, the amount excreted in the feces is very small. When fatty acids are con- 
sumed, only a ver^' little more ot their salts is excreted in the feces than when fat is 
consumed. When pure fatty acids are consumed, the fat content of the chyle is 
greatly increased and the chyle contains free fatty acids. The fatty acids are largely 
absorbed as an emulsion, and not as salts. The fatty acids are not only absorbed, 
but also undergo a synthesis to fats. 

The literature of the subject is discussed at length. 

Nos. 2812-2817 were made by Ott in the laboratory of the Physiological Institute 
in Munich in 1880. The object was to study the influence of sodium carbonate 
on the metabolism of nitrogen. The subject was a dog. His food consisted of meat 
with the connective tissue, etc., removed as much as possible. The dog had been 
fed 50 grams moat per day for a long time before the experiments were begun and 
was in nitrogen efjuilibrium. Tbe experiment covered 50 days and was divided into 
six periods. During the second period 2 grams of sodium carbonate and during the 
fifth period 5 or 10 grams of sodium carbonate were given daily with the meat. The 
nitrogen of food, urine, and feces was determined. The urine and feces were col- 
lected directly. 

The anther concludes that sodium carbonate has no influence on nitrogen metabo- 
lism. 

[The opinions regarding the influence of sodium carbonate on nitrogen metabolism 
are quite varied. Seegen ^ declared that it increased the amount of nitrogen in the 
urine. Rabuteau's^ opinion was exactly the opposite.] 

> Studien fiber Stofi'wechsel, p. 127. 

s Gaz. hebd. Med. et Chir., 1871, No. 43, p. 692. 

749— No. 45— 22» 
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Noe. 2818-2838 were made by Mayer in 1881 . The obj ec t was to investigate the i nfln- 
ence of sodium acetate, carbonate, sulphate, and phosphate on the metabolism of 
nitrogen. The experiments were made with a female dog. The food consisted of 
meat prepared by Voit's method, and bacon. The nitrogen in the meat was caleo- 
lat64l from Voit's fignre and that in the bacon from Hoffman's figare (0.2 per cent). 
The nrino was collected with a catheter and the bladder was washed oat with water. 
The nitrogen in the urine, and probably in the feces, was determined by the Schnei- 
der Beegen metho<l. After a period of several days on the meat and fat diet one of 
the salts was given for a few days. This period was followed by several days on a 
normal diet. 

The following conclusions were reached: Sodium acetate in large doses decreased 
the metabolism of protein a very little. Sodium carbonate increased the metabolism 
of protein iu proportion to the dose, while 80<lium sulphate diminisfae<l it a very 
little, the amount being proportional to the dose. Small dos<^8 of sodium phoephate 
had no particular effect on the metabolism of protein ; lar>re doses diminished it some- 
what. The excretion of urine was increased in every rnse. 

Nos. 2839-2844 were made by Albertoni in 1882. The object was to study the 
effect of the transfusion of blood (1) upon the utilization of protein and (2) upon 
the excretion of carbon dioxitl. The blood was defibriuated and injected into the 
peritoneal region. Experiments on the first (piestion were made with dogs, and on 
the second with guinea pigs. So few data were recorded in some of the experimenta 
with dogs that they could not be included in the present compilation, while in the 
experimente with guinea pigs no attempt was made to determine the balance of 
income and outgo. 

The dog used in Nos. 2839-2841 was well nourished; that in Nos. 2842-2844 had 
been fasting a long time before the experiment and was weak. No food was given 
the dogs during the experiment. The nitrogen in the uriue was determined by 
Seegen's and by Hufner's methods. Hoth values are included in the table. In only 
one case (No. 2839) were feces excreted. The nitrogen in the feces was supplied 
by the compilers from Kolpakcha's tigures for a fasting dog (see experiment No. 
2663, Table 28). 

The conclusion is reached that when the subject was well nonriHhed the transfti- 
sion of blood had no effect on the excretion of nitrogen, but when the subject was 
poorly nourished the excretion of nitrogen was somewhat increased. 

Nos. 2845, 2856 were made by Carl Virchow at the laboratory of the Pathological 
Institute at Berlin in 1881. The object was to investigati* the intluence of sodium 
benzoato and sodium salicylate on the metabolinni of )>r()tein. The subject was a 
female dog. The food consisted of chopped invat Sodium b<'nzoate and sodium 
salicylate were given on several days. The. urine was collected with a catheter. The 
nitrogen in the food, urine, and feces was determined by the Will- Warren trapp 
method. The fat in the food, and the hippuric acid in the uVine, on days when 
sodium bcnzoate was consumed, was also deterniiiu;d. In a few of the tests the 
nitrogen in the feces was snpplied by the compilers from the previous tests reported 
by the author. After bringing the dog into uitrogen e(iuilibrium she was twice ifid 
sodium benzoato and once sodium salicylate for 3 days. 

The following conclusions were reached : Sodium beuzoatc and sodiun salicylate 
fed to the dog in nitrogen equilibrium caused a considerable increase in the breaking 
down af protein, as shown by the increased excretion of nitrogen. No after effect 
was noticed with the first drug, the second was injurious. 

Nos. 2857-2859 were made by Munk in Herliu in 1883. The object was to investi- 
gate the intiucncc of jisparagin on protein metabolism and its value as a nutrient. 
The subject was a dog. Meat was the only food. On 3 days aHparaj^in was given. 
The urine was collected with a catheter. The feces were separated by means of 
ground cork. The nitrogen in the meat was calculated, using the factor 3.4 per cent. 
The nitrogen in the urine was determined l>y the Schneider-See^eii method^ and in 
the feces by the soda-lime method. In No. 2857 (without asparagin) the total sal* 
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phnrio acid in the urino was determined and in No. 2858 (with asparagin) the total 
sniphur. 

The author reports a second experiment with a dog in which the feces were not 
analyzed. The tet»t covered 17 days. The food consisted of 700 grams meat, 120 
grams starch, and 200 cubic centimeters of water per day. On the ninth, tenth, 
and eleventh days 25 to 30 grams of asparagin were given in addition. During the 
8 days before and the 6 days after the asparagin period the average daily consamp- 
tion of nitrogen was 23.8 grams and during the asparagin period 29.1 grams. The 
excretion of nitrogen in the urine in the corresponding periods was 28.2, 27.4, and 31.6 
grams. The conclusion was reached that in the case of a dog in practically nitrogen 
equilibrium asparagin did not protect protein, but rather the cleavage of protein was 
increased a little. 

Nos. 2860-2868 were made by Cheltsov in St. Petersburg in 1886. The object was 
to investigate the effect of bitter drugs on the digestion and assimilation of protein. 
They form a series with experiments Nos. 2011-2019, Table 19. The subject was a 
dog. The food consisted of meat. On several days either ext. absinthii, quassia, 
or ext. trifolii were given in the food. 

The conclusion was reached that bitter drugs, even in small doses, disturb the 
digestion and assimilation of protein. 

Nos. 2869-2879 were made by Chittenden and Blake at the laboratory of physio- 
logical chemistry at Yale Universiry in 1886. The object was to investigate the 
influence of antimonions oxid on metabolism. The subject was a dog. The animal 
was confined' ia a suitable cage, so that the excreta could be collected. The food 
consisted of beef and crackers. The beef was prepared by freeing it from fat, ten- 
don, etc., grinding it tine, and drying it until it had lost about 75 per cent of its 
water. Sufficient meat and crackers were prepared for the whole experiment. The 
nitrogen in the meat and in the urine was determined by the Kjeldahl method; 
that in the feces was supplied by the compilers from experiments in which the food 
was similar. The reaction, specific gravity, phosphorus, sulphur, and chlorin in 
the urine were also determined. After a number of days on normal diet antimonions 
oxid was given in small doses. 

The conclusion was reached that small repeated doses of antimonions oxid had no 
influence on the excretion of nitrogen, sulphur, and phosphorus; that is, this com- 
pound when taken in nontoxic doses has no effect on metabolism of protein. 

Nos. 2880-2882 were made by Spilker at the Medical Institute of the University 
of Berlin in 1889. The object was to study the influence of sodium acetate on 
metabolism, with special reference to the excretion of uric acid. The subject was a 
dog. The food consisted of meat and fat. A period during which sodium acetate 
was added to the food was preceded and followed by a normal diet. The urea 
in the urine was determined by the Salkowski method and the nitrogen by the 
Kjeldahl method. The composition of the food and feces was computed by the 
author, using Volt's mean value, 3.4 per cent for meat. 

The author also made experiments in which he himself was the subject, but the 
food consumed and the amount and composition of the feces are not recorded. 

The following conclusions were reached : Large doses of sodium acetate diminished 
the nric-acid excretion in man and increased that of a dog already in nitrogen equi- 
librium. In both casp^) the specific gravity of the urine was increased. In the case 
of the dog there was a marked increase in the excretion of urine. 

Nos. 2883-2902 were made by Taniguti at the laboratory of the Pathological Insti- 
tute of tlie University of Berlin in 1889. The object was to investigate the.influenoe 
of chloroform, chloroform water, ether, paraldehyde, and chloral hydrate on the break- 
ing down of protein in the animal organism. The subjects were dogs and the foo<l 
consisted of meat. The periods in which the drugs were given were preceded and 
followed by periods with normal diet. 

From his own experiments the author draws the conclusion that the breaking down 
of protein is increased by the drugs used, and that if the action of chloroform is a 
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specific one, the other narcotic materials have a Bimilar action, which is least Dotloe- 
ahle when they are taken for several days in saccession. 

Nos. 2903-2905 were made by Mngdan in Berlin in 1888 to stndy the poisoDons 
effects of creolin and its inflnence on metabolism. The nubject was a dog. The 
food consisted of meat and fat. On a numl>er of days creolin was given. The nitro- 
gen content of the food was calcalated and the nitrogen in the nrine and feces was 
deteniiined. The sulphur compounds in the urine were also determined and tests 
for indican were made. 

The conclusion was reached that creolin in the doses given did not influence the 
cleavage of protein. After taking creolin only traces of carbolic acid and indicsn 
were foind in the urine. The absence of the latter indicates a diminution in intes- 
tinal putrefaction. Creolin caused an increase in the sulphuric acid and nentral 
sulphur in the urine, but a decrease in total sulphur. Tests were also made by tlia 
author with a dog and a rabbit to study the effect of creolin on the number of 
bacteria in the feces. 

Nos. 290&-2908 were made by Chittenden and Laml>ert at the laboratory of phys- 
iological chemistry at Yale University in 1885, to study the physiological and toxio 
effect of uranium salts. The subject, a female dog, was kept in a cage suitably 
arranged for collecting the excreta, and was fed soda crackers and lean beef chopped 
fine and dried until it had lost about 75 per cent of the water content. The nitrogen 
in the food and urine was determined by the Kjeldahl method ; that in the feces was 
supplied by the compilers from experiments in which the food was similar. The 
specific gravity, reaction, sulphur, and phosphorus in the mine were also determined. 
A normal period preceded the period in which uranium nitrate was given in varying 
doses. 

The conclusion was reached that uranium salts had a marke<l inflnence on the 
excretion of urine, the increase amounting, on the average, to 80 cubic centimeters per 
day. The specific gravity of the urine was also increased. On a number of days 
the sugar and albumen in the urine were determined. The uriue showed traces of 
albumen soon after uranium nitrate was taketi, and in about 5 days sugar appeared. 

Kxx>eriments on the toxio action of uranium were made with rabbits. The experi- 
ments were, however, not of the kind included in the present compilation. 

Nos. 2909-2911 were made by Chittenden and Dockcndorff at the laboratory of 
physiological chemistry at Yale University in 1886. The object was to investigate 
the influence of paraldehyd on the metabolism of ])rotein. The subject was a dog. 
The experimental methods were the same as those notod above. The paraldehyde 
produced no noticeable hypnotic effc^ct, aud the conclusion was reached that it has 
little, if any, action upon metabolism of prot<'in. 

Nos. 2912-2917 were made by Skvortsov in St. Tetersbur^ in 1890. The objects 
were to study (1) the influence of a preparation of iron on the metabolism and 
assimilation of nitrogen of healthy animals, and (2; its cfl'oct >vhen introduced into 
the gaMtro- intestinal canal on the rapidity with which haemoglobin is restored to the 
blood aft(T artificially induced anaemia. The same dog wan UMcd in the stndy of 
both (questions. The food consisted of horse meat, and in two coses ferum reducti 
was given in addition. The nitrogen in the food, nrine. and feces was determined 
by the K^jeldahl method, with Pfliiger's and Boland's modifications. The urea in the 
urine was determined by Liebig's method. 

In Nos. 2912-2911 the first ([uention was studied. The dog was fed until the con- 
dition of nitrogen e<[uilibrinm was reached. He was then given iron (ferum 
reducti). This period was followed by a period under normal conditions. 

In Nos. 2915-2917 the second question was investigated. During the interval be- 
tween Nos. 2915 and 2916 artificial anaemia was induciMl by bleeding the dog from 
the veins in the neck. The wounds were allowed to remain **" 
with a solution of boric acid. The amount of hH)mo<* 
mined for two days before and after bleeding. ' 
fourteen days later in the interval between Not 
bleeding the subjeot waa given ferain nda^ ■ 
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nitrogen and the amount of hiemoglobin in the blood were determined. Sixteen 
days after the second bleeding the dog was bled a third time and the hiemoglobin 
content of the blood was again determined. The nitrogen balance was, however, 
not reported by the anthor. 

From these experiments and others not of the kind included in the present com- 
pilation the following conclusions were reached: The medicinal preparation of iron 
given with the food apparently did not perceptibly change the metabolism of nitro- 
gen, but seemed to intensify the breaking down of carbohydrates and fats; when 
taken after artificially induced anaemia it undoubtedly oause<l a rapid restoration of 
the haemoglobin content of the blood. 

Nos. 2918, 2919 were made by Friinkel at the laboratory at the Agricultural Insti- 
tute at Berlin in 1890. The object was to investigate the intluence of ]>yrodin 
(acetyl-phenyl liydrazin) poisoning on metabolism. The subject was a dog. The 
food consisted of meat. A sufficient amount of meat was prepared for the whole 
experiment, and sterilized by heating at 10(P C. The separation of the feces was 
made with bones. The author does not calculate the amount of nitrogen in the 
food consumed, but in a discussion of the amount of nitrogen in the portion of the 
food which was vomited by the dog assumes that the nitrogen content of the meat 
was 3.4 per cent. This value was used by the compilers in supplying the figures in 
the t-able. The nitrogen in the urine and ffces was determined. Pyrodin was dis- 
solved in warm water and given in Hubcutaneous injections. Very soon after taking 
the pyrodin the urine became dark reddish brown in color. When the dose was 
increased, the urine contained blood and albumen. The dog appeared in normal 
health until the dose was increased to 0.5 gram. It then showed symptoms of ])oison- 
ing, and died on the following day. The blood and organs were carefully examined. 

The conclusion was reached that small doses (0.1 gram) of pyrodin increased the 
excretion of nitrogen in the urine immediately and that this increase was caused 
by the poisonous effect of the drug on the different tissues of the organism. Large 
doses increased still further the nitrogeu excretion. 

The author reviews the literature of the subject at length. 

Nos. 2920-2924 were made by Hahn at the chemical laboratory of the Pathological 
Institute of the University of Berlin in 1891 . The object was to investigate the influ- 
ence of sulfonal upon the metabolism of protein. The subject was a female dog. 
The foo<l consisted of meat, fat, and water. The urine was collected with a catheter. 
The nitrogen in the food was calculated from Volt's figure, 3.4 per cent. The nitro- 
gen in the urine and feces was determined by the Kjeldahl method. On 2 consecutive 
days and later on 1 day sulfonal was given with the food. 

In the author's opinion it was possible to draw no conclusion from this experiment 
regarding the influence of sulfonal upon the metabolism of protein. 

Nos. 2925-2933 were made by Norris and Smith at the laboratory of physiological 
chemistry at Yale University in 1893, and reported by Chittenden. The object was 
to study the influence of alcohol upon the metabolism of protein. The subjects 
were 3 dogs. The food consisted of beef and milk crackers. The meat was freed 
from fat and tendon, passed through a chopping machine, and dried at 45-50^ C. 
It was then ground to a coarse powder and kept in jars. The milk crackers were 
also ground to a coarse powder. 

The nitrogen in the meat and crackers and the urine and feces was determined 
by the Kjeldahl method. Tlie sulphur and phosphorus, the specific gravity, and the 
reaction of the urine were also determined. Each experiment waa divided into 
three periods. During the second period alcohol was added to the daily ration. 

The conclusion was reached that alcohol had no striking specific action on the 

general metabolism of protein. The investigators believe that alcohol acts as a 

nonnitrogenous food and tends to protect protein slightly. The excretion of uric 

d was increased in the alcohol period. This indicates, in the authors' opinion, 

t^Aloohol has some specific effect upon nutrition. 

S8M-9B4i weze mAde by Dubelir at the Physiological Institute in Munich in 
oiliest "* 'sstigate the influence of water and of salt upon the 
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excretion of nitrogen. The sabjeot was a dog. The food consisted of meat and 
bacon. The feces were separated by means of bones. The nitrogen in the food, 
nrine, and feces was determined by the Will-Warrentrapp and Schneider-Seegea 
methods. A normal period preceded and followed the ])eriod during which water or 
salt was added to the diet. The experiments were not Insgnn until the dog waa in 
nitrogen equilibrium. In No. 2936 the water waH introdnoed into the stomach with 
a stomat'h tube. 

The conclusion was reached that in these experiments drinking water had very 
little or no elfect on the excretion of nitrogen, and that salt diminished the excre- 
tion of nitrogen a little, while the amount of urine excreted was nearly doubled. 

Nos. 2945-2952 were made by Mauthner at the Physiological Institute in Munich 
in 1882. The object was to study the influence of asparagin on the metabolism of 
protein in Caruivora. The subject was a female dog. The plan was to feed aspara- 
gin (1) with a diet containing an abundance of protein, and (2) with a diet contain- 
ing fat and carbohydrates but no protein. The f(x>d in Nos. 2945-2948 consisted of 
meat and bacon, and in Nos. 2949-2952 of starch and fat. In each case asparagin 
was fed for 3 days. In No. 2950 potassium sulphate was fed alHO. A period with 
asparagin was preceded and followed by a normal period. The urine was collected 
with a catheter. The feces were separated by means of bones. The nitrogen in food 
(including asparagin), urine, and feces was d(*termined by the Will-Warrentrapp 
method. The sulphur and phosphoric acid iti the uriue wore determined in nearly 
every case. 

The author does not draw definite conclusions from his exp<'>riments, but thinks 
that if asparagin exercises any influence on the metabolism of protein it mnst l>e 
very slight. 

Another experiment was made in which a young dog weighing 8.7 kilograms was 
fed starch, gelatin, fat, asparagin (4.48 grams nitrogen daily), potassium phosphate, 
water, and meat extract. In 15 days the dog lost 580 grams in weight, although an 
abundance of nitrogen was consumed in the food. When 130 grams meat daily (24 
grams protein) was substituted for the asparagin, the dog gained 620 grams in weight 
in 8 days. The urine and feces were not analyzed. From thJH experiment the con- 
clusion is drawn that asparagin can not take the place of protein. 

NoH. 2953-2955 were made by Brandt and Tappeiner at the IMiysiohigical Institute 
in Munich in 1890-91. The object was to study the storing up of fluorin compounds 
in the organism when sodium flnorid was fed. The subject waH a young but full- 
grown dog. The food consisted of cooked meat, the soup made from it, and bread. 
Sodium fluorid solution was poured over the meat; after it had been absorbed the 
meat could be fed without trouble. When the dry salt was mixed with the meat, the 
dog could with difllieulty be made to eat it, and sometimes vomiting was produced. 
From 0.1 to 0.9 gram pure sodium fluorid was fed daily. The fluorin in the urine 
and feces was determined. The expt^riment lasted from February 7, 1890, to Novem- 
ber 16, 1891. In discussing the ex]>erimeiitM the author divides the time iut(» three 
periods. In the first a total of 27.8 grams sodium fluorid was stored up in the organ- 
ism; in the H(>Gond period 21.2 grams, and in the third period 23.4 griims, making a 
total of 72.6 grams. At the close of the experiment the dog was killed and the various 
organs, etc., weighed and analyzed. The blood, liver, kidneys, and muscular tissue 
did not difl'er much from the normal condition. The bones wen*, however, unusually 
white, very hard, and found to be full of small crystals, ])re8umably calcium fluorid. 
The experiment is discussed in detail. 

The conclusion is reached that when the food contains soluble fluorin compounds 
large amounts will be stored up in the organism. The larger ])art will be found in 
the bones. 

Nos. 2956-2962 were made by Dommer at the Pharmaeologieal Institute of the 
University of Konigsburg in 1H83. The object was to study the efl^ect of different 
baths on the metabolism of protein in the animal organism. The subject was a dog. 
The food consisted of horse meat, bacon, and water. The connective tissue, etc., was 
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removed, as far us possible, from the moat. The nitrogen in the meat was deter- 
mined from Stohmann's value for horse meat, 3.35 per cent. The nitrogen in the arine 
was determined by the Schneider-Seegen method, and the nitrogen in the feces was 
calculated. 

The experiment was divided into seven periods. In the first, third, and fifth 
periods the dog was fed until a condition of nitrogen equilibrium was reached. In 
the second period he was given a cold bath (10°-12.5*^ C.) ; in the fourth period a cold 
salt bath (12.5^ C); in the sixth period a Warm bath (34^ C), and in the seventh 
period a warm salt bath (34^ C). The baths were of a half hour's duration in every 
case. The salt baths were prepared by adding sufficient coarse salt to make a 4 per 
cent solution. 

The following conclusions were reached: The cold fresh and salt baths caused an 
increased excretion of nitrogen in the urine. The after effect could not be deter- 
mined. Though they did not increase the body temperature, the warm salt baths 
increased the cleavage of protein in the organism perceptibly, but not as much as 
the cold baths. The warm fresh- water baths exerted no infinence on metabolism. 

Nos. 2963-2969 were made by Potthast at the laboratory of animal physiology of 
the Agricnltural Institute of Berlin in 1886. The object was to study the effect of 
different phases of sexual life on the metabolism of protein. The subject was a 
female dog. 

The experiment was divided into seven periods. The first covered the last days of 
pregnancy. Eleven days elapsed between the first and second periods. On the day 
following the first period the subject gave birth to 6 young. Two were taken away 
and 1 died ; the others nursed during the second and third periods. The subject was 
in full flow of milk during the time. During the fourth period the puppies were 
given some food in addition to the mother's milk. They were taken fh>m the mother 
at the end of the period. During the fifth period the subject was in a condition of 
sexual rest. On the last day of the sixth period she came in heat^ and remained in 
this condition during several days of the seventh period. 

The food consisted of meat and fat in the first period, and meat, fat, and starch in 
the other periods. The meat was chopped, mixed, and sterilized by heating in an 
air bath at 7(P C. It was prepared in large portions. The nitrogen in the meat, 
urine, feces, and in the hair lost was determined. 

The following conclusions were reached : The cleavage of protein in the organism 
is greater during pregnancy than after the period of lactation has ceased. During 
the period of lactation the cleavage of protein in the organism is greater than dar- 
ing the period of sexual rest. 

Rabuteau's* opinion that during the menstrual x>eriod the metabolism of protein is 
lowered was not corroborated by this experiment. The author made extended 
reference to the work of other investigators on the snbject. 

Nos. 2970-2972 and Nos. 3272-3287, Table 34, were made by Reprev in St. Peters- 
burg in 1878. The object was to investigate the influence of pregnancy on the metab- 
olism of matter in animals. The subjects of the experiment were a female dog and 
two rabbits. One of the rabbits became pregnant three times, the other once. Other 
experiments with dogs and rabbits were undertaken, but were not snccessful. The 
author also reports experiments with a rabbit and a guinea pig, in which the respira- 
tory quotient was determined. These latter are not of the kind included in the 
present compilation. 

The experiment with a dog covers the last days of pregnancy. Three of the experi- 
ments with rabbits included periods of sexual rest as well as pregnancy. The nitro- 
gen of the food, urine, and feces was determined by the Kjeldahl- Borodin method. 
The urea, chlorids, and phosphates of the urine were estimated. The respiratory 
quotient was determined by Pashutin's - method. The author does not regard the 
experiment with a dog as satisfactory, since the subject ate up her young. How- 
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«T«r, tli« eonelfiOTon wm nmeh^ tluii, daring pregwuicj, Um tl&mwmgB pi 
W0re diiniDtehM], while tbe proeeatM of aMiailation w«re iBtenaified. 

From ibo inT#«tigfttion m a whole the foUowiDg i^eoeral eonelnsioas w«re drmim : 
I>oring pr^gaMttey the orgftoiam fthnorb* more fron the food mud rejeets laas thaa 
daring period* of •#fxa*] rmt. The metmboliem of nitrogen derrenMs, and loM in ezcie- 
ted in the urine. Nitrogen is utored np in the body. In other words, the prone— m of 
Mfdmilation are intensified, while those of excretion are diiainisbed. Leas nreaaiid 
phosfyhat^ii are excreted dnring pregnane/ than nnder normal ronditioiBa. The 
aoioant diminishes as pregnane j advant-es. Daring pregnaney leas oxygen is 
exhaled and less carbon dioxid excreted than nnder normal conditions; that is, the 
oxidation process e s are weakened. 

^agemann ' made experiments with two female dogs to stody the influence of the 
rarioos phases of sexoal life on the metabolism of protein. In the report of the 
experiments tbe data were not giren in snch form that they coald be ineladed in the 
tables in the present compilation. The experiment with one of the sabjecta was not 
snccessfally completed. Tlie other subject weighed 12.5 kilograms, and during saxoal 
rest, while in heat, daring pregnancy, lactation, and sexaal rest following the period 
of lactation, the diet remaine<1 the same. It consisted of 300 grams of meat, 50 grams 
of fat, and 00 grams of starch daily, which famished 9.986 grams nitrogen. The 
inference is that fowlf nrine, and feces were analyze<1. At the beginning of the 
ex]>eriment, daring sexaal rest, there was a daily gain of 0.187 gram nitrogen. Jnst 
before coming in heat this amonnt increased to 0.570 gram daily. While in heat 
the excretory products were not analyzed. In the eight days immediately following, 
there was a daily loss of 0.376 gram nitrogen, and daring the first three weeks of 
pregnancy tbe daily loss was 0.177 gram. Daring the last half of this period, how- 
erer, there was a daily gain of 0.220 gram, and during the eighteen days immedi- 
ately before delirery the daily gain increased to 1.617 grams. The dog gave birth 
to two yonng weighing 740 grams. Tliey were nursed until they weighed 3,260 grams. 
Daring this period the daily excretion of nitrogen in the urine and feces was 1.498 
grams less than the amount consumed. During the period of sexual rest, immedi- 
ately after the young were weaned, the dog gained only 1.297 grams of nitrogen 
daily. In another experiment, made during a period of sexual rest, the dog was fed 
200 gramH of rice, 17 grams of meat uieal, and 60 grams of fat daily. This furnished 
4.36 grams of nitrogen. After a time, nitrogen efpiilibrium was reached and main- 
tained oil this diet. The concluHion wr \ reached that menstruation increased the 
metabolism of nitrogen, and that during pregnancy and tbe period of lactation nitro- 
gen was retained to Hupply the unuHuul demiindH of the organism. 

Nos. 297:^2979 were made by Vilizhanin in St. Petersburg in 1883. The o1>Jeot 
was to study the uiotaboIiHui of nitrogen when the functions of the liver were dis- 
turbed. Three experiments wore made witli dogs. Jaundice was induced as fol- 
lows: In Nob. 2974 and 2977, the ditctiiH cholcdocki was ligated and a fistula of the 
biliary bladder was also made. Hotli dogs licked up the bile which was discharged, 
so that nearly all of it got back into the organism. During sleep, however, it was 
collected into a vessel placed under the cage. Tbe fistula could be closed at will and 
jaundice would follow. 

In No. 2979 a part of tbe duotu$ choledochi was cut out without forming a fistula of 
the biliary bladder, and the abdominal wound sewed up. 

The first experiment was divided into three periods, (1) before operation (nor- 
mal), (2) with biliary fistula, (3) with Jaundice. The other two experiments were 
divided into two periods, (1) before operation (normal) and (2) with jaundice. The 
nitrogen of the food was determined by the Will -Warren trap metliod, that of the 
urine by the Seegen method in the first experiment, and in the other by the Will- 
Warrentrap method. Tlie nitrogen of the feces was also determined, presomably 
by the WlU-Warrentrap method. 



» Yirchow's Arch., 121 (1890^. n. bBT 



EXPERIMENTS WITH DOVES AND POULTRY. 345 

The author draws the conclasion that the passage of bile into the blood caused an 
intensified cleavage of protein in the organism, as a result of which an increased 
outgo of nitrogen in the urine was observed. 

Nos. 2d80-29K9 were made by Zoniev in St. Petersburg in 1887. The object was to 
investigate the influence of ligating the ductus iharacicu* on the metabolism of nitro- 
gen in dogs. The author attempted 15 experiments, but was unable to complete them 
all. The dogs experimented upon were kept for a considerable time in cages, until 
nitrogen equilibrium was reached. The operation was then performed. The ductus 
thoracicuH was ligated at the neck. An incision was made through the skin 4 to 6 
centimeters long. The cutaneous wound was sewed up. The operation was per- 
formed under narcosis. The wound never healed |)0r j^mam, and there was always 
some suppuration. 

The food consisted of horse meat and bread. The nitrogen of the food, feces, and 
nrine was determined in the flrst experiment by the Kjeldahl method, and in the 
othero by the Kjeldahl-Wilfarth method. Each experiment was divided into two 
periods, (1) before and (2) after the operation. In the Arst three experiments the 
ductus tkoracieus wan ligated. The dogs recovered from the operation in a short 
time and were then killed. On dissecting, the ligature of the ductus tharaoieus was 
found to be closed. A solution of prussian blue injected into the ductus tkoracieus 
did not pass into the veins. In the last two experiments, which were made as a 
control, the ductus tkoracieus was operated upon, but was not ligated. The dogs 
recovered completely and were then killed. On dissecting, everything was found 
normal. 

The following conclusions were reached: In every case when the ductus thoraeicus 
was ligated immediately after the ox»eration a decrease in the outgo of nitrogen was 
observed. During the next 4 or 5 days tlie outgo increased and gradually became 
normal. The metabolism of nitrogen increased after the operation, whether the 
ductus thoraeicus was ligated or not. 

A number of tests were made by Aronsohn and Sachs* in connection with a 
study of the relation of the brain to body temperature and to fever. Experiments 
were made with rabbits and a dog to ascertain the effect on metabolism of injuring 
the brain by puncturing it with a needle, either through the eye or through an open- 
ing made in the skull. This caused an increased body temperature. Four tests 
were made with a dog. In the fourth morphin was given when the operation was 
performed. In each test the daily food consisted of 70 grams of rice, 10 grams of 
fat, and a little salt. According to Znntz^ this would contain 0.7 gram of nitrogen. 
In the tirst three tests before the operation was performed the dog excreted in the 
nrine on an average 1.8 grams cf nitrogen per day, and in the fourth test 2.0 grams. 
During the fever the dog excreted in the urine in the second, third, and fourth tests 
on an average 2.3, 1.5, and 2.7 grams. After the temperature again became normal, 
in the second t(?st the daily excretion of nitrogen in the nrine was 1.7, and in the 
third test 2.1 grams. 

These tests and thoHc with rabbits, mentioned on page 366, in the author's opinion, 
show that the abnormally high temperature resulting from the operation performed 
on the brain caused an increased cleavage of protein, as is the case in fever due to 
other cauHcs. 

EXPERIMENTS WITH DOVES AND POULTEY. 

INFLUENCE OP FEEDING. 

In Table 30 are included 1 test with chickens, 1 with a dove, and 6 
with geese. The special questions investigated are noted in the text 
of the individual experiments. 

^ Pflttger's Arch., 37 (1886), p. 232. 
> Ibid., p. 313. 
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No. 2990 was made by Sacc at Giessen Id 1843 to determine what percentage of the 
food was retained by the animal body. The experiment was made with a cock and 
a hen. The average fignres for one chicken are given in the table. The food con- 
sisted of barley. Sand and chalk were also fed. The elementary composition of the 
food and feces was determined. The respiratory products were not taken into 
acconnt. The chickens in this experiment on a ration of barley excreted in the feces 
a little less than half the substance which they consumed. The feces consisted of 
one-fourth of the organic material and practically all of the inorganic material con- 
sumed. The latter probably resisted the mechanical action of the digestive tract and 
the digestive juices, and it was doubtless excreted without in any way nourishing 
the body. 

No. 2991 was made by Voit in Munich in 1861-62. The object was to investigate 
whether nitrogen was excreted in the gaseous excretory products. The subject was 
a^ove. The duration of the experiment was 124 days. The food consisted of peas. 
The nitrogen in the x>eas was determined. The mean of 5 analyses was 4.77 per 
cent. The nitrogen in the excreta was also determined, the mean of 12 analyses 
being taken as representing the average nitrogen content. During the whole experi- 
ment the dove consumed 3,132.4 grams peas (water free) = 149.4 grams nitrogen. 
The excreta weighed 976 grams (water free) and contained 145.9 grams nitrogen. 
The excreted nitrogen was therefore 3.6 grams less than the amount consumed for 
the entire period. The dove had, however, gained 70 grams in weight, which, 
according to Voit's calculation, would acconnt for 2.4 grains nitrogen, thus deducing 
the discrepancy to 1.2 grams. 

The ash in food and excreta was also determined, as a control on the correctness of 
the nitrogen balance. The food contained 94.6 grams ash and the excreta 94.7 grams. 
This would indicate that no excrement had been lost. The author selected a dove 
to experiment with, as up to this time the largest recorded deficit had been found in 
such experiments. 

[This experiment has been much discussed and criticised, but must nevertheless be 
accepted as accurate. It has become famous as one of the valuable arguments 
against a respiratory excretion of nitrogen.] 

Nos. 2992-2997 were made by Weiske and Mehlis at the Institute for Animal Chem- 
istry at Breslau in 1877 ( ?). The object was to investigate the digestibility of crude 
fiber. The subject was a goose. The food consisted of leaves of dandelion (Tjeonto- 
don taraxacum) and the stalks of horse-tail rush (Equitetum arren$e). The food and 
excretory products were analyzed. The conclusion was reached that crude fiber 
was not digested. 

Experiments were made byKalugine* to study the influence of consuming fine 
gravel upon the digestibility of millet by hens. The test was divided into three 
periods. In two fine gravel was fed with millet and in one powdered coal. The 
food and excreta were analyzed. The original publication could not be obtained, 
and the results are therefore not incluiied in the compilation. The digestibility of 
the food is briefly noted in the Experiment Station Record (8, p. 718), from an 
abstr^t' of the original publication. The conclusion was reached that fine gravel 
and also powdered coal increased the coefficients of digestibility of the nutrients, 
especially of protein and crude fiber. 

INFLUENCE OF OTHEB CONDITIONS THAN FBBDINa. 

lu Table 31 are included 38 tests with poultry in which the influence 
of other conditions than feeding was studied. The special questions 
investigated are noted in the text accompanjring the table. 

iSelsk. Khoz. i Lyesov., 1896, No. 10. 
sFuhling's Landw. Ztg., 46 (1897), p. 86. 
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350 A DIGEST OF METABOLISM EXPERIMENTS. 

Nos. 3004-9027 were made by Knieriem at the Univenitj of Dorpat in 1877. The 
object wae to etndy in the organiem of a hen the behavior of the compoanda which 
form the interme<1iate steps in the formation of nrea in the organism of Mammalia. 
The snbje<!ts were hone weighing abont 1 kilogram. The food consisted of barley 
grits. The substances fed with the grits were asparagin, aspartic acid, amido acetic 
acid, leucin, and ammonium chlorid. The period during which these sobstances 
were fed was preceded and followed by a perio<l with normal food. A complete 
analysis of the barley grits was made. The nitrogen in the excreta was determined 
by the soila-lime method. The nric acid, area, and ammonia in the excreta were 
also determined and the nitrogen in the nrea calculated. 

The author reports an experiment in which a chicken consumed 40 grams of rioe 
an<1 30 grams of water daily. On the seventh day of the test 0.996 gram of ammo- 
nium sulphate was given. The average daily excretion of nitrogen in the fe<res the 
first 6 days was 0.1 gram. On the day ammonium sulphate was given the nitrogen 
excretion was 0.2 gram, apd on the 4 following days it averaged 0.1 gram. 

The principal conclusions reached were the following : The digestion of protein 
by hens appears to yield the same compounds as in the case of Mammalia. Aspartio 
acid, leucin, and amido a<*etic acid are to be regarded as intermediate steps in the 
formation of uric acid by the former as well as the latter. In the case of Mammalia^ 
ammonium salts yield urea. In the case of hens they are excreted unchanged. This 
a4*counts for the greater amount of ammonia excreted by hens. 

Nos. 3022-3027 were made by Frankel and Rulimann in Berlin in 1879. The objeet 
was to stndy phosphorus poisoning in hens. No food was consume<l by the fowls, 
but phosphorus was fed in bread pills. The nitrogen in the excreta was determined 
in Nos. 3022 and 3023 by the Dumas method ; in the other cases by the sod»-lime 
method. The uric arid in the excreta was also determined. 

The conclusion is reached that in phosphorus poisoning of hens the cleavage of pro- 
tein is very greatly increased, and that the uric acid excretion is also increased. The 
number of red corpuscles in the blood was also studied. The conclusion was reaehed 
that hunger did not diminish their relative number. Phosphorus poisoning, how- 
ever, diminished the relative number, at first slowly and later very rapidly. In 
the authors' opiniou this shows that the processes of oxidation must be greatly 
affected by phosphorus poisoning and that diminished metabolism of protein results 
from diminished oxidation. 

Nos. 3028-3033 were made by Weiske and Sohulze at the Institute of Animal Chem- 
istry uf the University of Breslnu in 1884. The object was to stndy the behavior 
of several amid compounds in the animal organism. The subject was a gander. 
The food consisted of noodles made from bran and starch. In No. 3029 aspartic acid 
was added to the noodles, in No. 3031 succinic acid, and in No. 3033 meat meal. The 
nitrogen in the food was determined by the soda-lime method. In nearly every case 
the excrement Avas evaporated to dryness with and without the addition of hydro- 
chloric acid and the nitrogtm in each portion determined. Aspartic acid had prac- 
tically no influence on the excretion of nitrogen. Sticcinic acid caused a slight yet 
marked gain. The greatest gain was ma<le on a diet containing meat meal. 

Nos. .m34, 30:^5, and Nos. .34(50-3462, Table 37, were made by Roman th at the Impe- 
rial Experiment Station of Agricultural Chemistry at Vienna in 1871. The experi- 
ments form ]>art of a study of saccharin. The subject of Nos. 3034 and 3035 was a 
duck, and of Nos IU(>0-34()2 a pig. The duck was fed com. Saccharin was fed with 
the other food for several days, this period being preceded and followed by a period on 
normal diet. The duck wns fed by stufTiiig, i. e., the food was forced down its throat, 
and it choked to death durinii; the second period on normal diet. Complete analyses 
were made of the food and feces. The concluHions r(>ached are given on page 382. 

ExperimentH were made with rabbits and dogs, but they were not of the sort 
included in the present compilation. 

Experiments w^ere made by Kalngine > to stndy the digestibility of peas, buckwheat, 
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whekt. And barley. These experimente were fnand too late for iosertion in the 
tables. They more properly boloug in the preceding oeotion, bat owing to limited 
space are inserted here. Two beuH were need as Bnbjects and the testn lasted 7 
days, being preceded by a preliniinary period of 2 days. Full analyses were made 
of the food and excretory prodncts. The balance of iiicouie aad outgo of nitrogen 
and ash' is shown in the following table: 
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In determining the digestibility of protein only that portion of the nittogeu of 
the feces was taken into account which represented the nndigested residne. Thv 
total nitrogen in the feces and the nitrogen of uric acid and of aiomonia (taken 
together as representing the nitrogen of urates) anil the nitrogen of metabolic prod- 
nets and nndigeated residue (considered as together representing nitrogen of pro- 
tein) were determined. The results are shown in the following table : 
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The following conclusious were drawn from the eiperiments: Tn the ability to 
digest the crude protein of poas and barley cbicltens do not differ from the ordinsry 
farm animals. In ability to digest the crude protein of buckwheat and wheat they 
are much inferior. lu ability to digest fat they resemble in some respects llerbivora 
and in other inspects swiue. Chickens digest nitrogen-free extract very completely. 
The gravel which hens consume is worn down in the intestinal tract to sand of 
different degrees of fineness and is excreted in the excretory prodncts. 

EXPERIMENTS WITH GOATS. 

INFLUBHCS OP FEEDING. 

In Table 32 are iDcladed 33 t«8ts with goata. The aiiimals were all 
in health. The uietabolism balance was usually determiued iu couneo- 
tion with feeding and digestion ex[>erimeuts or experimentB in which 
some special question was studied, 

' In the testa with buckwheat, wheat, and barley the sand in the ash of fee«« wa 
datacmiiMd. The sanil eonsnmed, if any, is not recorded. 
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iHMltfft in HMtf m Vm, TIm; objeei wm to imrmtU^ait tke TBliditj af Toifs Oworj 
iKftt 1M» aifnpfeo In ^sktsIihI ^rxierprt in the w^lid sad lk|ai4 exereCorj prodartab Two 
IfiMt* w<(!f«; wtt4 an tmhyattm, IV; l<wd #^«HMiiit«d of Miidow kij, and in •ererml 
eMMMfftmrrky pof^pj oil, orsoi^ar wan aIjh* fed. Tbc nitwogun in food, mine, leees, mod 
milk WM doCMWtfiod. f n Sum. ^0M^3Oi2 practieallj all the nitrogeo eooMuned wm 
r0ffMrefM in th^. nrinm, ftfttm, and nillu la Xoa. 3043-3M7 the aaoont which waa aoi 
rM^iir«rad eoold he aeeonntod for hjr the gain in wei^t of the iniaMl 

Hm) aothor't eoaelnmon fji that Voit'« theory holds good for goate: that im, nitrogao 
la ex4rr«tad osljr in tlie oriao aad fo<roa. Protein nMrtaboliam is depeodoit upon the 
afrnmni of drmlating protein in the body. Increased consnmptioo of water iiicieaaaa 
the metatiolisoi of nitrogen* Nitrogen metabolism rapidly adjusts itself to changes 
in the amount of nitrogen eonsomed. When the food rootaius insofficient nitrogen 
the Kodj los«!S protein* There is a noticeable gain in weight when the food contains 
an abnndance of fot and carbohydrates in addition to safficient protein. 

Kos. 3Oi8-9O00 were made by Stohmann, Lehde, and Baet^er at Halle in 1866. The 
object was to study the metaliolism of natrients dnrini? the period of lactation. 
The sobjects were two goats. The food consisted of meadow hay and linseed eake 
of several kin#ls, with a little salt. In scTeral cases poppy oil or starch was fed also. 
Analyses were nuule of food, urine, and feces. 

Among the conclusions reached were the following : Some nitrogen leares the body 
in other ways than in the solid and liquid excretory products. The protein content 
of the milk is not dependent upon the composition of the food, but lb dependent upon 
the length of the period of lactation. 

Nos. 3067, 306H were made by Stohmann at the experiment station in Halle in 
1H67. The object was to determine whether the laws of nitrogen metabolism which 
Voit hsd formulate«l for Camivora held gocKl for Herbivora also. The subject was a 
goat. The food in No. 3067 cousiste<l of hay, with oil-free linseed meal, and in No. 
306H of hay, with starch and gum. FckmI, urine, feces, and milk were analyzed. The 
conclusion was reucheil that the protein is metabolized in Ilerbivora a8 in Camivora. 

Htobfitann reports Ijih expc^rimentM with goats in another pnblicatiou.^ Some of 
the (iguroN agree with those quoted above, while others do not. The inference of the 
compilerN is that the same experiments aro referred to in each case. The apparent 
discrepancy is probably due U> the fact that in one instance averages are given and 
in the other more detaile<l statemimts. 

EXPEIUMENTS WITH HORSES. 

INFLUENCE OF FEEDING. 

In Table 33 are included 198 tests with horses. The number of 
inveHtigators who have studied the metabolism of horses is not large, 
and a review of the literature of the subject shows that comparatively 
few feeding ex]>erinient8 have been made. Much of the work has been 
(h)ne for the pur))ose of studying the best methods of feeding. In some 
cases the balance of income and outgo of nitrogen lias been determined 
in connection with feeding and digestion experiments. In many experi- 
ments the intluence of muscular work of varying kinds and amounts 
has been investigated. The conclusions drawn from the experiments 
in the foHowing table have been much (quoted in discussions coneeming 
the economic feeding of horses. 

* IMoIogisohe Studien, 1873. Braunschweig. 
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No. 3069 was made by BooMioganlt in 1838.- The object was to compare the food 
EDd excretory producta of a horse on a maintenance ration to aee whether nitrogen 
was assimilated from the air. The food consisted of hay and oats Elementary 
analyses of food, nrine, and feces were made. The conclusion was reached that 
nitrogen was not assimilated from the air and that some nitrogen was excreted in 
the gaseons excretory products. 

Nos. 3070, 3071 were made by Hofmeister at the experiment station of the Royal 
Veterinary College in Dresden in 1864. The object was to study the digestibility 
of crude fiber. The subject was a horse between 7 and 8 years old. The food 
consisted of hay, oats, and straw. The water, dry matter, protein, fat, ash, crude 
fiber, and nitrogen-free extract in the food and feces and the reaction, specific 
gravity, water, dry matter, ash, urea, sulphuric acid, and nitrogen in the urine were 
determined. 

The conclusion was reached that crude fiber was digested by a horse. Other con- 
clusions regarding digestibility of protein, etc., were drawn. 

Nos. 3072-3075 were made by Hofmeister at the experiment station of the Royal 
Veterinary College of Dresden in 1865 in connection with a series of feeding experi- 
ments. The subject was a horse. The food consisted of hay, with oats and straw 
in two cases. Full analyses of food, urine, and feces were made. 

The principal conclusions drawn concerned digestibility, and are therefore not 
quoted here. 

It was observed that the amount of hippurio acid in the urine increased or 
decreased with the increase or decrease in the amount of crude fiber digestion, when 
hay only or hay and oats were fed. 

Nos. 3076-3060 were made by Kellner and his associates at the agricultural experi- 
ment station in Hohenheim in 1877.^ The object was to investigate the influence of 
muscular exertion upon the metabolism of matter in the horse. Thejsobject was a 
horse weighing about 534* kilograms. He was fed a ration of meadow hay, oats, and 
chopped straw. Analyses were made of the food, urine, and feces. The work done 
was measured by a specially constructed horse dynamometer. The work varied in 
amount in the difi'erent periods. 

The following conclusions were reached: The amount of work done had no 
influence upon the total digestibility of the food or the digestibility of the different 
nutrients. Increased work and increased cleavage of protein go hand in hand. The 
cleavage of protein decreased materially as soon as the muscular exertion was 
diminished. Muscular exertion, under certain circumstances, can increase directly 
the metabolism of protein in the organism. The energy from the breaking down 
of organic body substance in general is to be regarded as the source of muscular 
power. The energy liberated by the oxidation of the nitrogen-free materials, carbo- 
hydrates, and fat, in addition to that furnished by the breaking down of the 
circulating i>rotein, is that first used for mechanical energy. Protein of tissue 
{arganizirte Eiweisa) will not be broken down as long as there is a sufficiency of 
other material which can be oxidized. 

Nos. 3081-3101. These experiments and Nos. 3102-3119, 3144-3181, and 3182-3267 
were made by Gran dean, associated with Le Clerc, Ballacey, and Alekan, from 1880 
to 1892,* in connection with an investigation of the principles of horse feeding 
carried on for the Compagnie G^ndrale de Voitures of Paris. This is one of the 
most extended investigations of the kind that has been made. In every case the 
digestibility of the ration as well as its value for the production of work was studied. 



^Tbe portion of the work relating to the digestibility of the rations was pub- 
lished in connection with other similar work in a separate article by Wolff, Funke, 
Kreuzhage, and Kellner. Landw. Jahrb., 8 (1879), Sup. I, p. 6. 

3 The report of the experiments made from 1880 to 1887 was first published in 
''£tndes Exp^rimen tales sur Talimentation du Cheval de Trait^'' and also in Ann. 
8ci. Agron., 1884, II; 1885, 1; 1886, II; and 1888, II. 
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There were teyen series of experiments. lu the first (Nos. 3061-3101) a mixed 
ration consisting of ''maize cake" horse beans, maize, oats, hay, and straw was 
fed. The maize cake was made iVom starch factory and diHtillery waste, and con- 
tained a considerable portion of potato and barley as well as corn refuse. In the 
second series (Noh. 3102-3119) the ration consinted of hay; in the third series (Nos. 
3144-3156), of oats and straw; in the fourth series (Nos. 3156-3181), of hay and 
straw; in the fifth series (Nos. 3182-3217), of maize and straw; in the sixth series 
(Nos. 3218-3241), of horse beans and oat straw; and in the seventh series (Nos. 
3242-3267), of maize cake and oat straw. 

Analyses were made of the food, urine, and feces. In most cases the nitrogen 
volatilized from the feces while drying, that eliminated in the perspiration and in 
the material removed by currying, and that from the hoofs, is taken into acoonnt. 
In inserting the experiments in the present compilation the nitrogen from these 
sources was included with that of the feces. 

Tlie efl'ect of the rations was studied while the horses were at rest, walking, 
trotting, at work while walking, and at work while trotting. The work consisted 
in turning the arm of a dynamometer a definite number of times. Experiments 
were also made in which the horses drew a vehicle, though the metal)oli8m of 
nitrogen was not always studied in this connection. The eflTect of the rations nnder 
the difi'erent conditions of rest and work on temperature and weight of the animals 
was studied. In every casts the detailed results for each horse for each day of the 
various periods are given in tabular form. 

The conclusions drawn have to do particularly with the problem of feeding horsss.^ 

Following are some of the principal conclusions drawn from these experiments: 

The pace at which a horse travels was found to have a marked influence on the 
amount of labor performed and the food required. Thos, a horse walking 7.8 kilo- 
meters per day neither gained nor lost in weight on a daily ration of 8,800 grams of 
hay, while a ration of 10,886 grams was not sufficient provided the horse trotted the 
same distance. When a horse walked the above distance and drew a load, the addi- 
tional work being e(|uivolent to 60,449 kilogran* meters, a ration of 11,975 grams of 
hay was sufficient for maintenance. A ration of 14,787 grams, all a horse would 
consume, was not sufficient for maintenance when the same work was done trotting. 
Some of the reasons given for the fact that rapid work is less economical than slow 
work are the increased action of the heart when a horse is trotting or galloping; 
the lifting of his own weight at each st.ep only to allow it to fall again, thus devel- 
oping beat; and the increase of body temperature with exertion and the loss of heat 
by evaporation through the skin and lungs. 

A horse of 500 kilograms weight by the motion of forward progn^ession through a 
horizontal distance of 10 kilometers at a speed of 1.5 meters per second loses 2.4 
kilograms in weight. A horse of the same weight covering a distance of 10 kilo- 
meters with a velocity of 1.5 meters per second, and producing 190,000 kilogram- 
meters of work loses about 3.8 kilograms in weight. 

Generally speaking, the horses digested from a ration of maize cake (1) sometimes 
more and sometimes less carbohydraten, but always two or three times as much 
protein as fVom a ration of hay ; (2) less carbohydrates, but more protein than from 
a ration of oats or maize, and (3) less carbohydrates and protein than from a ration 
of horse beans. 

In general, when no work was performed, the horses gained in weight when oats 
were consumed, but the gain was not proportional to the quantity eaten. The gain 
was less with hay, and hay furnished less available energy. On the other hand, 
maize cake did not produce a gain comparable with that from maize and beans. 
When walking the gains in weight of the horses varied with the different rations, 
being greatest when maize was fed, followed by beans, maize cake, oats, and hay in 



' For a summary of a number of the earlier experiments see Exi>erimeut Station 
Record, 6, p. 1018. 
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the order meDtioned. The superiority of cake to oats is still more noticeable when it 
is remembered that the quantities assimilated of the former are much less than the 
latter. On the same basis the apparent superiority of the maize, especially of 
beans, diminishes. As a ration for horses when trotting, hay was much inferior to the 
other feeding stuffs as regards gains in weight, and it can also be said that the nutri- 
tive ingredients assimilated from this food are much inferior in quality. Maize cake 
produced less satisfactory results than beans, and mai/e than oats, as regards the 
available energy furnished. For work done in drawing a cab maize at first seemed 
to be inferior to the other rations, but this was not the cnse. The quantity fed did 
not furnish a sufficient amount of nutriment, which was also true of the oats, cake, 
and beans. From these experiments it appeared that maize cake was much supe- 
rior both to hay, a coarse fodder, and to beans, which may be regarded as a type of 
feeding stuffs rich in protein. On the other hand, the cake was much inferior to 
feeding stuffs like maize and oats, which are rich in starch and moderately rich in 
protein. Its coefhcient of digestibility is also midway between maize and oats, us 
is also its nutritive ratio. 

Nos. 3102-3119. (See Nos. 3081-3101.) 

Nos. 3120-3143 ' were made by Wolff and his associates at Hobenheim in 1885-86. 
The objects were to investigate the capacity for work of a horse on a diet rich in 
nitrogen and one containing little nitrogen, and to study the metabolism of nitrogen 
and mineral matter. The basal ration consisted of meadow hay, usually with oats. 
In some cases straw, beans, flaxseed, or maize were also fed. The dry matter, organic 
substance, protein, fat, crude fiber, and nitrogen-free extract in food and feces and 
the nitrogen in tho urine were determined. In addition the dry matter, ash, sodiam, 
potassium, calcium and magnesium oxids, the phosphoric, sulphuric, and salicylic 
acids, iron oxid, and chlorin in the food, urine, and feces (in one case food and feces 
only) were determined in a number of the experiments. The muscular work -per- 
formed was measured by a dynamometer of special construction. 

The principal conclusions drawn were the following : The food rich in nitrogen 
ha<l no greater nutritive value as regards the production of energy than that con- 
taining little nitrogen. Digestible protein beyond a cert>ain definite minimum has 
no more value for the production of energy than an equal quantity by weight of 
starch or the equivalent quantity of fat. The amounts of nitrogen, the total ash, 
and the several mineral constituents excreted in the urine and feces were equal to 
the amount consumed. This is a proof that during the whole time of the experi- 
ment the subject remained in equilibrium; that is, the food consumed was just suffi- 
cient for the amount of work performed under the experimental conditions. A horse 
weighing 500 kilograms requires for maintenance in medium condition when no 
external work is performed, 4,200 grams of nutrients per day, it being assumed that a 
considerable quantity (at least half the daily ration) consists of coarse fodder. 

Nos. 3144-3267. (See Nos. 3081-3101.) 

EXPERIMENTS WITH RABBITS.. 

INFLUENCE OF OTHER CONDITIONS THAN FEEDING. 

In Table 34 are included 22 tests with rabbits. All the animals were 
in health. The special qaestions investigated are noted in the text 
accompanying the table. 



> These experiments were originally published in Landw. Jahrb., 16, 1887, Snp. Ill, 
p. 1 . The figures are more conveu iently arranged in the publication cited in Table 33. 
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Noe. 3268-3271 were made by Rabner at the laboratory of the Physiological iDsti- 
tnte at Munich in 1879-80. The object was to investigate the amount of material, 
i. e., body tissue, metabolized by fasting Herbivora. The subject was a rabbit. The 
nitrogen in the urine was determined. In a number of experiments the carbon diozid 
excreted was also measured with Voit's small respiration apparatus. 

Though the balance of income and outgo of carbon was not determined, the con- 
clusion was reached that Herbivora, when fasting, metabolize almost as much 
protein as Camivora of the same weight. 

Nos. 3272-3287. (See Nos. 2970-2972, Table 29. ) 

Nos. 3288, 3289 were made by Graffenberger at the Institute of Animal Physiology 
at the University of Breslau in 1892. llie object was to note the changes which 
take place in the animal organism when the subject is kept in the dark. The sub- 
jects were 2 rabbits. The food consisted of oats to which a little calcium car- 
bonate was added. The food, urine, and feces were analyzed. The blood was 
also examined from time to time, and at the close of the experiments the animals 
were killed and the blood and organs examined. One rabbit was kept in the light 
and the other in the dark. 

From these experiments and a preliminary experiment not recorded in the present 
compilation the conclnsion was reached that animals kept in the dark gain in weight 
more rapidly than those kept in the light. Farther, I ight had no particular influence 
on metabolism or gain in nitrogen. An increase in metabolism as a whole seems to 
have very little if any connection with the increased excretion of carbon dioxid, 
which was observed by some investigators. > The two rabbits digested their food 
equally well. Light appeared to have no particular influence on the formation of 
glycogen. The subject kept, in the dark gained more fat than the one kept in the 
light; the gain in fat was less after a time, probably owing to the fact that the 
general health became affected. 

Teste were made by Aronsohn and Sachs' to study the relation of the brain to 
body temperature and to fever. Three rabbits and a dog were used as subjects. 
The experiments with the dog are noted on page 345. 

The brain of the animals was pierced with a needle through the eye or through an 
opening made in the skull. This caused an increased body temperature. During 
the operation the third rabbit was given morphin. The rabbits consumed daily 
20 gra I s of starch, 5 grams of sugar, and 0.1 gram of a mixture of several salts 
approximating hay ash in composition. The food contained no nitrogen. Before 
the operation the rabbits excreted daily, on an average, 1.1, 1.7, and 0.3 grams of 
nitrogen. After the operation, while the temperature was higher than normal, the 
daily excretion was 1.4, 2.1, and 0.3 grams. After the temperature again became 
normal rabbits 1 and 2 excreted 1 .0 and 0.6 grams. On the same diet rabbit 2 excreted 
1.1 grams of nitrogen daily during fever from other cause than ix^ury to the brain, 
while the excretion under normal conditions was 0.6. 

The conclusions drawn from these experiments will be found on page 345. 

EXPERIMENTS WITH SHEEP. 

INFLUENCE OF FEEDING. 

lu Table 35 are included 104 tests with sheep. All the animals were 
in health. The nitrogen balance was usually determined in connection 
with feeding and digestion experiments. In some cases special ques- 
tions were investigated, which are noted in the text accompanying the 
table. 



' Molescbott, Wiener med. Wochenschr., No. 43 (1856). 
« PflUger's Arch., 37 (1885), p. 232. 
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EXPERIMENTS WITH SHEEP. 371 

Xo. 3290 was made by KeUet in 1856-57 iu connection with the study of the feeding 
and fattening of farm animals. The experiment was bognn with three sheep, but one 
was dropped before the close. The average results were taken as representing the 
values for one animal when the figures were added to the present compilation. The 
experiment was divided into four periods, but tlie data for the individual periods 
are not given by the author. The food consisted of beets, bran, oats, and wheat straw. 
Analyses were ma<le of the food and of the urine and feces together. At the begin- 
ning of the experiment two sheep of the same breed were slaughtered and the 
amounts of flesh, wool, and tallow determined. The amounts for the sheep used in 
this experiment were calculated from the data thus obtained. At the close of the 
experiment the sheep were slaughtered and the weight of the flesh and organs 
determined. They had gained 6 kilograms in weight, 3 kilograms of which the 
author calculates to be pure muscular tissue. All the nitrogen consumed was not 
recovered in the urine and feces, since they contained 6.6 grams per day less 
than the food consumed. The author calculates that the muscular tissues gained 
would account for 0.3 gram of nitrogen daily. Deducting this amount there would 
still remain 6.3 grams, which, according to the author, was not stored in the organ- 
ism, but was excreted in the gaseous excretory products. The author gives G grams 
per day as the amount of nitrogen which was thus excreted by one sheep. The dis- 
crepancy between this figure and that given in the table is due to the fact that in 
discussing his results as a whole the author uses round numbers. In computing the 
daily average for the present compilation this was not done. 

[Reiset^s work is often quoted as a proof of the excretion of nitrogen in the gas- 
eous excretory products. The work was carried on many years ago and the experi- 
ment is of more interest to-day from an historical standpoint than from its actual 
value. The bearing of this work upon the subject of the excretion of nitrogen in 
the excretory products has been discussed in a previous publication. of this Office.*] 

Nos. 3291-3297 were made by Hofmeister at the experiment station of the RoyiJ 
Veterinary School at Dresden in 1863 in connection with a series of feeding experi- 
ments. The subjects were 2 three-year-old sheep. They were fe<l together and the 
average results were taken in determining values of food for one sheep. The rations 
consisted of meadow hay with oats, oats and oil, rape-seed cake, or rape-seed cake 
and oil. 

The dry matter, water, ash, fat, crude fiber, nitrogen, and carbohydrates in fodder 
and feces, and the dry matter, ash, nitrogen, urea, and hippuric acid in the urine 
were determined. The conclusions reached are not of the kind which are quoted 
here. 

Nos. 3298-3308 were made by Hellriegel and Lucanus at the experiment station in 
Dahme in 1862. The object was to investigate the nutritive value of fermented 
chopped straw as compared with dry and steeped chopped straw. The experiments 
were made with 2 sheep. Each was fed dry chopped straw, fermented straw, and 
steeped straw with turnips or lupine seeds. For purposes of comparison each sheep 
was fed hay alone for 14 days. The nitrogen in the food, urine, and feces was 
determined. 

Fermented straw is usually prepared by moistening the chopped straw with water, 
mixing with potatoes and other materials, and allowing the mixture to ferment. 
The temperature rises to 40-45^ C. In these experiments the chopped straw was fer- 
mented without the addition of potatoes or other materials. The steeped stra^v was 
prepared by pouring hot water over chopped straw and allowing it to stand. 

The conclusion was reached that the sheep made better gains when steeped straw 
was fed, because less effort was required to chew it and they oould eat larger 
quantities. 

The coefficient of digestibility of the dry matter of the dry chopped straw was 



* The excretion of metabolized nitrogen by animals, C. F. Langworthy, Experiment 
Station Record 7, pp. »17-625. 
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372 A DIGEftT OF \IETABOLWM EXPERIMENTS. 

42 J per cent, of the ttoeped straw 41.>$ per cent, and of the fermeiited straw 37.9 
per cent. 

N(Ni. XHfi^Xi'JSa were inmiie by Hofuifinter aiKl aMociateH at the experiment BtAtioft 
of the IC^iyal Veterinary K«rhool in I>reed«n in 1H6M)5 iu c«>nnection with » eeriee of 
feefling exf»eriment«i. The suhjecte were 2 sheep 1^ years oM, weighing aboat 70 
kiiograrriM earh. The she<>p w<*re ffd together and the urine and feces were not col- 
lected for ea^fli sheep separately. The average resnlte were taken as representing the 
valnos for 1 sheep. The basal ration consisted of hay or hay apd straw. In severml 
pericNls thor«9 was abided eith«'r potatoes with or without rape-seed cake, mangel- 
wnrz^ls with or without rape-seecl cake, rye bran with or without oil, or oats. 

AnalyHes of the feeding stuffs and of the feces were made. The specific grari^, 
dry matU'r, ash, hippuric a<;id, uric acid, and nitrogen in the urine were determined. 

The conclusions reached do not bear directly upon the metabolism of nitrogen and 
are therefore not #inotod here. 

Nos. 33!{0-33.^ were made by Hofmeister at the experiment station of the Royal 
Veterinary School in Driven in 1869 in connection with a fee<ling experiment with 
Merino and Koothdown- Frank sheep. Three sheep of each breed were nsed and the 
average taken as the values for 1 sheep. The food consisted of rape-seed cake, 
meadow hay, and potatoes. In several cases peaa were also fed. The food, urine, 
and fecen Wf*rr aualyze<i. The Southdown-Frank sheep gained flesh and the Merinoe 
lost llesh in (^very cas<^ The feeding experiment is discussed at length. 

NoH. 33.^-33.57 were made by Schulze and Mlircker at the experiment station in 
Weeude in 1868-09. The object was to determine whether Voit's theory that no 
nitrogen is excreted except in the solid and liquid excretory products, held good for 
sheep. The subjects were full-grown animals. In some cases the tests were made 
with 2 animals and the average results taken as representing the value for one 
animal. In other cases the tests were made with one animal as asubjecU The basal 
ration consisted of meiidow hay or rowen with salt. In a number of oases starch, 
starch and sngAr, bean meal, barley meal, oatmeal, starch waste, or gluten were 
also fed. In Nos. 3354 and 3356 potassium chlorid and disodinm phosphate were 
given. Gn^at care was taken in collecting the urine and feces, and both were 
analyzed. 

The conclusion was reached that Voit's theory was true in the case of sheep. 

NoH. 3358-3361 were made by Weiske and associates at the experiment station in 
ProHkau in 1875. The object was to investigate the influence of shearing sheep upon 
the digestibility of the rations and the metaboliHm of nitrogen. Two sheep were 
used as subjects. The experiments were each divided into two periods. At the end 
of the first period the sheep were shorn. Several days elapsed between the first and 
second ])eriods. The food consisted of meadow hay and barley meal, and the same 
quantity was fed throughout the experiments. The food, urine, and feces were 
analyzed. 

The o(mclusion was reached that shearing increased the excretion of nitrogen in 
the urine. The digestibility of the food was not aft*ected by shearing. 

NoH. 3362-3368 were made by Weisko and associates at the experiment station in 
Proskau in 1876. The object was to inveHtigato the digestibility of animal food (fish 
scrap) by llerbivora. The subjects were 2 sheep. In Nos. 3362-3365 the food con- 
sisted of hay and oatmeal, to which fish scrap was added in one period, and straw 
and fish scrap in another period. In Nos. 3367, 3368 straw and beets with fish scrap 
were consumed. The nitrogen consumed was practically the same in every case. 
Food, urine, and feciBB were analyzed. The nitrogen of the animal food was well 
assimilated, and the author recommends adding finh scrap, meat meal, or similar 
food to a ration when for any reason vegetable foods containing protein are scarce. 

Nos. 336l>-:^n2 were made by Weiske, Kennophol, and Schulze at the experiment 
station at Proskau in 1878. The object was to investigate the digestibility and natri- 
tive value of hops which have been used in brewing beer. The snbj60>tB w»i»^ S. 
sheep. The food consisted of meadow hay fed with and without hops 
urine, and feces were analyzed. 
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The conclusion was reached that although the hops were not sih valuable as coarse 
fodder of similar composition, yet on account of their high content of protein they 
are worth using as a feeding stuff when easily obtainable. 

Nos. 3373, 8374 were made by Kellner at the Agricnltnral Experiment Station at 
Hohenheim in 1880. The object was to study the effect of removing the bitter prin- 
ciple of lupine seeds upon their digestibility. The subject was a sheep. The basal 
ration consisted of h.'iy ; in No. 3373 lupine seeds with the bitter principle removed, 
and in No. 3374 steamed lupine soeds were ft^d. The food, urine, and feces were 
analyzed. The bitter principle was removed from the lupine seeds by soaking them, 
then steaming and extracting with cold water. 

The following are the principal conclusions reached: Seeds treated as above lose 
considerable dry matter, mostly nitrogen-free extract, but this is more than made 
good by the improved quality as a feeding stuff. They are oaten readily, improve 
the appetite, are more digestible, and improve the digestibility of crude fiber in the 
coarse fodder fed with them. 

Experiments were begun with another sheep, bnt it became sick and the urine 
could not be collected. 

Nos. 3375, 3376 were made by Weiske, Kennophol, and Schulze at the Institute of 
Animal Chemistry of the University of Breslau in 1882. The object was to study 
the digestibility of food by different breeils of sheep. The subjects were a South- 
down-Merino and a Rambouillet sheep of about the same weight. The food con- 
sisted of meadow hay, barley, and benns, with a little salt. The food, urine, and 
feces were analyzed. The conclusion was reached that the two breeds of sheep 
digested the nutrients equally well. 

Nos. 3377, 3378 w(;re made by Jordan at the Maine Agricultural Experiment Station 
in 1885. The objet^t was to compare the fertilizing constituents in a ration containing 
cotton-seed meal and one containing corn meal. The subject was a full-grown sheep. 
Three experiments were begun, but only two were successfully completed. In the 
first period the food consisted of timothy hay and cotton-seed meal, and in the second 
of timothy hay and corn meal. The nitrogen, phosphoric acid, and potash in the 
food, urine, and feces were determined. 

The principal conclusions reached were the following: The nitrogen, phosphoric 
acid, and potash in the excretory products are in direct relation to the amount of 
these ingredients in the food. The urine contained nearly half the jmtash excreted, 
from one-half to three-foorths of the nitrogen, and no phosphoric acid [»tc], this 
being all excreted in the feces. 

Nos. 3379-3383 were made by Weiske, Schnlze, and Flechsig at the experiment 
station in Proskau in 1885 ( ?). The object was to determine whether cellulose acted 
as a protector of protein for Ilerbivora. The subject was a sheep. The basal ration 
consisted of pea meal and a little salt, to which either oat straw, starch, or starch 
and sugar were added in different periods. The amount of water consumed was 
recorded. The food, urine, and feces were analyzed. 

The conclusion was reached that digestible cellulose and nitrogen-free extract can 
take the place of a definite quantity of starch. The subject is discussed at consid- 
able length and many references are made to previous work. 

Nos. 3384-3394 were made by Wicke and Weiske at the Institute of Animal Chem- 
istry at the University of Breslau in 1895 (f). The object was to investigate the 
influence of fat and starch on the digestion and assimilation of nutrients. The 
subjects were two sheep. To a basal ration consisting of hay and clover, or hay and 
flaxseed, from which the oil had been partially removed, starch or isodynamic 
quantities of olive oil were added. The food, urine, and feces were analyzed. 

The following conclusions were reached : With both subjects the addition of starch 

to the ration diminished the digestibility and assimilation of fat, and more especially 

of protein and crude fiber. The addition of fat to the ration did not show a similar 

marked effect. The addition of starch and fat increased the amount of feces (dry). 

% addition of starch inoreased the water content of the feces, while the addition 
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o(r*t dbl nalrbMig« it. Hie aililitiva »f fat and atareh to tlie nktion ti«d no nwrkad 
eflerl 110 the anutnnt of water consnmeil <>r nrine prodne«d. The metsboliain of 
nitriiKen of lM>th milijerts ws* coiwiderabl; dimiDiabBd \>j the addition of starch and 
fat t" thi- raTioii, nnd the effect waH more marked with itarch than with iaodynamic 
(jnantrliefi of fat. The gnln of nitrogen waa increased bj the addition ar«t*refa and 
fat. "Die Kail) in tbe raae of eUrch waa greater than with iiodjnunic qnantitieit of 
fat, priiviilMl t)ie ijiiantity of aUrch cotunined did not prodace too fcreat a diminn- 
tion »f dlKeatiliilit.v of the oitrogenoaa conatitqenta of the food. On tbo other 
hand, it wan jioaatlrle to jirodnce greater gain with (at than with iaudjnamic tgaanti' 
tie* of HlanOi, hIikm tin- fat naiiallj did not diminiah the digaatibilit; of the food. 

Wieki- and WeiNks ' made oiperinenta in rontinnation of the work reported above 
to Htiidy the inllnt^ccon metaboliam and gain of nifavgen in the animal hody of the 
oAditii'ii of increaaing iinantitieo of fat to the ration. The report of these experi- 
menta was renrirnd too lnt« for insertion in the tables. 

Thn experiments were made with the mune Hheep and nnder the lame genelkl 
experimental i-onditionH noted above. Bh(«p 1, weighing 68 kilograms, received a 
bannl ration uf 1 ,000 grams of mnadow hay au<l 250 granu of linseed cake per day. 
Mhsnp [I, weighing 50..'i kilograms, received a basal rutiou of 750 grants of meadow 
hny and 2IH} grami of linseed cake. The tests were divided into 4 periods of 7, S, B, 
nud r> dnys, retpecttvi-]y. In the st^cnnd period 60 grams of olive oil was add«d 
to the ration of Sheep I. and 60 grams to that of Sheep II. In the third period the 
amount of oil was increased to' 120 grams and 100 grams, respectively, and in the 
fniirth periiiil to IKO grams and 160 grams. The halance of income and outgo of 
nitrogen i« shown in the following table : 



nitrogen balamct p»r dag <> a 
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The suthom disouss the experiment at length. Following are the principal oon- 
elnsions renoboil : 

Tbo lull 1 1 tion of fatto tbe ration dimltitshnd the excrrtion of nitrogen in thenrine, 
and IbindocrenHewaii griister the mnrn fat was iiddcil, the limit being reached, in the 
niithoi'a opinion, the llrHt day of the, fourth period. Tlie a<ldition of the maiimnm 
(pinntity of fat to the ration did not intlaence the digsstibilit.v and asnimilation of 

INPT.ITRNflR OP OTHER CONDITIONS THAN FEEDING. 

Ill Table 3ii arc included 50 testa witli slieep in health in which the 
iiifluoiicn of other conditions than feeding were investigated. These 
conditions were the effect of feediug chiefly during the day and during 
the night, the inttuonce of drugs, and of variations in the amount of 
vater <!on8Uino<l. 

>Zt«chr. rhf""l- Cliem., 22 (ISlMi), p. 265. 
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Nob. 3395-3398. See Nos. 3648-3650, Table 38. 

Nob. 3309-3404 wero made by Weiske and aM«ooiatos at the experiment station in 
ProBkau iu 1874 ( f ). The object wa« to inveHti^ate the influence of salt and water on 
nitrogen metabollRm, on the weight of the Bub ject, and on the digestibility of varions 
feeding Btuffs. The subjects were sheep about 3 years old. The experiment was 
divided into three periods. The food consisted of meadow hay, straw, and barley 
meal. During the first period 5 grams of salt Wiis added to the ration. In the second 
p<^riod the amount was increased to 10 gramM. In the third ]>criod no Halt was given. 
Water was supplied ad libitum. Each period was preceded by a preliminary period 
of about two weeks' duration on the same diet. Food, urine, and feces were 
analyzed. 

The following conclosiouH were reached: Increasing the amount of salt in the food 
increased the amount of water connumed and urine excreted. Since the increased 
salt and water consumption increased the amount of urine, it also increased the nitro- 
gen metabolism. When no salt was consumed much less water was drunk, and the 
quantity of urine excreted and of nitrogen metabolized also diminished. 

Other conclusions were drawn which have to do with gains in weight and digest- 
ibility. 

Nos. 3405, 3406 were made by Weiske and associates at the experiment station in 
Proskau in 1875 ( f ). The object was to investigatt^ the influence of arsenic upon the 
digestibility of food and upon nitrogen metabolism. These experiments were made 
immediately after the close of experiments Nos. 33.58-3361, with the same sheep and 
the same ration, with the addition of 0.1 gram arsenic acid. The conclusion was 
that small quantities of arsenic diminiRhed the excretion of nitrogen in the urine 
and increased the digestibility of the food. 

Nos. 3407-3414 were made by Weiskt^, Schroilt, and Dangel at the experiment sta- 
tion in Proskau in 1878 to study the value of asparagin for the nourishment of ani- 
mals. The subjects were 2 sheep. The basal ration consisted of meadow hay, 
starch, and sugar. Asparagin, pea meal, and gelatin were each added to the ration 
in two periods. Analyses were made of food, urine, and feces, llie balance of 
in<'onie and outgo of nitrogen and sulphur was determined. 

The experiments showed that asparagin has a decidcMl value in the diet, and is a 
nutrient in the same way that gelatin is. It actn as a jirotector of protein and 
diminishes the nitrogen metabolism when fed in a diet containing little protein, 
though it does not serve for the formation of nitrogenous tissue. 

Nos. 3415-3420 were made by Weiske, Kennophol, and Schulze at the experiment 
station in Proskau In 1879-80 and are a continuation of Nos. 3407-3414. The subjects 
were 2 sheep. The experiment was divided into three pi^riods. In the first period 
(Nos. 3415, 3416) the food conHistcnl of meadow hay. Iu the second i>eriod (Nos. 
3417, 3418) both sheep were fed about the same amount of meadow hay. In addition 
Sheep I was fed bean meal and Sheep II starch, sugar, and asparagin, furnishing 
approximately as much nitrogen and nitrogen-free material as the bean meal. In 
the third period (Nos. 3419, .3420) both sheep W(>re given starch and sugar in addition 
to the basal ration of mea<low hay, and Sheep II was given gelatin in addition. 

The food, urine, and feces wen^ analyzed. The conclusion was reached that 
asparagin served as a protector of protein. 

NoH. 3421 and 3422 were made by Weiske and Flechsig in 1885 to study the influ- 
ence of alcohol on Herbivora. The subject was a Southdown-Merino sheep. In No. 
3421 the food (tousisted of meadow hay and a little salt and water. In No. 3422 the 
food was the same except that an equal amount of 5 per cent alcohol was substituted 
for water. Food, urine, and feces were analyzed. 

The conclusion was reached that the alcohol diminished the digestibility of the 
food very little, if any. No marked change iu the amount of nitrogen in the urine 
was observed. 

Other experiments with larger doses of alcohol were begun but not finished, 
because the animal did not take the alcohol readily and lost his appetite. In the 
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authors' opinion the large doses of alcohol Reemod to increase the metabolism of 
nitrogen. 

Nos. 3423-3438 were made by Gabriel at the Institute of Animal Chemistry of the 
University of Breslaii in 1892-93. The obj«»-ct was to study the influence of salt on 
the digestibility and metabolism of protein. The subjects were 3 sheep in medium 
condition. The foo<l consisted of meadow hay or meadow hay and peas^ with or 
without salt. The food, urine, and feces were analyzed. 

Tb<' results obtained were contradictory. The author concludes, therefore, that salt 
is not one of the substances which under all conditions and circumstances exercises 
a marked influence on the metabolism of protein or a definite eff'ect on digestibility. 

Nos. 3 139-3444 were made by Gabriel and Weiske at the Institute of Animal Chem- 
istry of the University of Breslau in 1893. The object was to study the influence of 
drinking water ad libitum and before and aO.er eating on the digestibility of nutri- 
ents and the metabolism of nitrogen. The subjects were 2 Southdown-Merino sheep. 
The food, which consisted of meadow hay and oats, was fed in three portions daily. 
Analyses were made of food and feces. The specific gravity and nitrogen of the 
nrine were determined. In the first periotl both sheep drank water ad libitum. In 
the second period Sheep I drank water before and Sheep II after eating. In the 
third period the conditions were reversed. 

The author concludes that as far as the metabolism of nitrogen or the digestibility 
of the nutrients of the food was concerned it was immaterial in which way the 
water was consumed. 

Somewhat more water was consumed when it was drank at will or after eating 
than when it was consumed before eating. In all the periods some undigested oats 
were found in the feces. The water and dry matter contaiued in the feces was 
practically the same under the different experimental conditions. The fresh feces 
in the first period contained 53 per cent water, in the second period 50.5 per cent, 
and in the third 48.4 per cent. 

The author cites experiments by Kiihn made with steers. The subjects were fed 
wheat bran and hay, with and without water. The coeflicients of digestibility were 
practically the same in both cases. 

EXPEEIMENTS WITH SWINE. 

INFLUENCE OF FEEDING. 

In Table 37 are included 18 tests with swine in which the conditions 
were not abnormal or anusaal. Some of these tests were made in 
connection with feeding experiments, while others were made for the 
puri)ose of studying special ])oints. Those which have to do with the 
question of the formation of fat in the animal organism (Nos. 3445 and 
344G) are of special liistorical interest. The theory was advanced by 
some of the earlier investigators that animals took the material used 
in the formation of fatty tissue ready-made from vegetable foods. For 
many years it was a disputed point whether or not fat was formed 
from carbohydrates, and also whether it could be formed from protein. 
It is now generally conceded that fat is formed from fat and carbo- 
hydrates consumed, though the possibility of its formation from protein 
iinder certain circumstances is also quite generally admitted.^ 



^ Soskin : The formation of fat in the animal body. £xi>oriment Station Record, 
TBI 
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Nob. 34-i5, 3446 Mere made by BouBsiiigaalt in 1845 aud formed part of an extended 
investigation of the formation of fat in the animal organism. The subject was a 
pig. The food consisted of potatoes and salt, with and without slop. Elementary 
analyses of the food, urine, aud feces were made. 

One of the conclusions reached was that nitrogen was excreted in the gaseous 
respiratory products. The other conclusions have to do largely '^ith the special 
question of the formation of fat. These are the experiments of Boussingault, which 
are often quoted in the discussion of formation of fat in the animal organism. 

Nos. 3447-3452 were made by Pfeiffer at the Agricultural Experiment Station in 
Guttingen in 1883, to learn how much of the nitrogen of the feces was due to meta- 
bolic products and to study the nature of such nitrogenous metabolic products. 
The subjects were 2 young pigs. The experiment covered three periods. In the 
first period an abundant ration of barley meal, with some salt and calcium carbonate, 
was fed. In the second period the ration was of about the same nntritivo value, 
except that it contained no protein. It was made up of sugar, starch, paper fiber, 
and olive oil, with a mixture of mineral salts, which were believed to be necessary. 
In the third period the ration was the same as during the second period, with the 
addition of conglutin, a protein compound, which in the author's opinion would be 
thoroughly assimilated. 

The food and feces were analyzed, the usual determinations being made. In addi- 
tion, the mucin in the feces was determined and the nitrogen and ash in the feces. 
Nitrogenous metabolic producw— e. g., mucin — were found in the feces in all three 
periods. In other words, when the food contained no nitrogen metabolic nitrogen 
was still found in the feces. In the first period the feces of the 2 pigs contained 0.7 
gram and 0.8 gram of mucin and 150.0 grams and 158.7 grams of dry matter, respect- 
ively ; in the second period 0.9 gram and 0.8 gram mucin and 262.5 grams and 249.5 
grams dry matter ; and in the third period 2.2 grams and 1.6 grams mucin and 204.5 
grams aud 173.3 grams dry matter. 

The following are the principal conclusions reached : The nitrogenous metabolic 
products in the feces must be taken into account in all investigations of the nutritive 
value of feeding stufis. The amount of nitrogenous metabolic products in the feces 
is proportional to the amount of dry matter digested. For swine the relations are 
such that 0.7 gram of nitrogen may be assumed in the feces for every 100 grams of 
dry matter digested. This agrees with the value found by Kellner for Herbivora. 

The author discusses the subject at length, quoting the work of Rieder, Kellner,^ 
and other investigators. 

No. 3453. See Nos. 3658, 3659, Table 38. 

Nos. 3454-3459 and Nos. 2324, 2325, Table 27, were made by Snyder at the University 
of Minnesota in 1893 in connection with a study of the digestibility of a number of 
feeding stufis by milch cows and growing pigs. Six pigs were used in the test. 
They were fed barley, corn, and peas separately and in combination with bran and 
shorts. Full analyses of the food and feces were made. The nitrogen, phosphoric 
acid, aud potash in the urine and feces were also determined. The coefficients of 
digestibility of the difibrent feeding stuffs are reported. 

Among the conclusions reached are the following : 

When no nitrogen was retained in the body there was a slight loss in weight. 

There was a corresponding gain in weight when a little nitrogen was retained. 

When 250 grams of digestible protein was fed per day, the pigs consuming barley 

and com and shorts made no perceptible gains. When the digestible protein was 

increased to about 375 grams and the other nutrients increased in the same propor- 

Unm the pigs made a fair gain. When the nutrients were still further increased the 

"^eie oorrespondingly large. Whether the pigs were gaining or losing in 

fat 86 grams of nitrogen per day was excreted in the urine. The amount 

loroted in the feces varied with the character of the food. When the 

kin of the food was increased above the amount required to maintain 

~U this increase was stored up in the body. 
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A f^ft^i^jftl 4Mfieii«B Anbwik from tk«> tciiU wa« that for erefj 2;9i8 gms of tar- 
l«jr //r ez/m f«4 U» » pi([( wHgbing 111 kil oj ;T J i i »ii aJM«il 2,723 griMi U mcd op in the 
iW'4-hmn'it%\ prttt .v m tm of tli#> ko4 j, mm! <mlj %\*fmX 227 gr^HM ipoes to fbn lloalu The 
ehi#rf IfeTKrfite fb^r are derived frr^t the food er>«e Itimb the aiMMnit in exeees of 
thai re^inired for mainteDaoee, The general dedartioa it drawn that it is naprofit- 
ahl#» t*f fe^l Mfijill tff nnl^laoeed rations whea fattening matsre animals 

fftm, M^h-M/l were made hj Komaoth at the laaiperial Experiment Station of 
Agricriltoral Chemistry in Vienna in 1X71 in eonneetion with a stndy of aaerharin* 
and form a iieries with the experiments with a daek inelndsd in Tahle 31 (Sim. 9034, 
3005;. The pig aned a#i the sabje^t of Xos, 3l6a-3liS2 was fed eom and bariey (eqoal 
parts) and whey. A period on normal diet preeeii«^l and followed a period in whieh 
sa#'/;harin was added Ut the food. The nsiial analyses of food, orine, and feces were 
made. The nitrogen in the nrine and feces was determined by the Kjeldahl method 
and the a;(ometrie method. 

The aaf hor also made experiments with rabbits and a dog. The balanee cf income 
and ontgo of nitrogen w^, however, not determined. Tbe dog was fed as nroch as 
59 grams of saei'barin per day. It did not relish the saccharin at first, hat gradn- 
ally 1>e«;ame accustomed to it. A post-mortem examination revealed nothing ab- 
normal. 

From all tbe experiments the conclusion was reached that feeding saccharin for a 
long time and in large doses bail no bad effects. The fact that the snbjects did not 
relish sficcharin was ntiribnted to individnal pecnliarities. Generally speaking, the 
oocfflcieDts of digestibility were not lowered when saccharin was taken. 



BXPERIMENTS IN VTBICH, THE BALANCE OF NITROGEN AND 

CARBON ^WAS DETERMINED. 

The number of experiments with animals in which the balance of 
income and outgo of carbon was determined, with or without oxygen, 
hydrogen, and mineral matter, is large. Such experiments necessitated 
the measurement and analysis of the products of respiration. For this 
purpose special apparatus has been devised, to which the name respira- 
tion apparatus has been applied. As noted in the section devoted to 
respiration experiments with nmn, such apparatus may be conveniently 
divided into three classes: (1) Apparatus in which the oxygen is sup- 
plied to a limited volume of air to take the place of that used, (2) 
apparatus in which a current of air is constantly supplied, and (3) a 
device worn over the mouth or a tube inserted in the throat which per- 
mits the measurement of the oxygen of the inspired air and the carbon 
dioxid of the expired air. The apparatus designed by Kegnault and 
Beiset * may be taken as a type of the first, that of Pettenkofer ' of the 
second, and that of Zuntz ' of the third. Apparatus of the first two 
types has usually been employed in determining the balance of income 
and outgo of carbon. The apparatus of Zuutz has been usually 
employed to determine the respiratory quotient, i. e., the ratio of 
inspired oxygen to expired carbon dioxid. Exi)eriments of this nature 
are very important and furnish the basis for interesting and valuable 
deductions concerning the laws of metabolism. However, no attempt 
has been made to include them in the present compilation, since they 
are very numerous and it was believed they could more properly form 
a subject by themselves. 

The apparatus used in the experiments with animals here cited was 
essentially the same In principle and construction as that used in experi- 
ments with man. 

EBSPIRATION EXPERIMENTS. 

In Table 38 are included 37 respiration experiments with steers, 6 
with calves, 7 with cats, 99 with dogs, 5 with doves and poultry, 1 with 
a horse, 30 with rabbits, 4 with sheep, and 8 with swine. The special 
problems discussed are noted in the text of the individual experiments. 

lAnn. Chim. et Pbys., ser. 3, 26, p. 310. 

'Ann. Chem. Sup. II, p. 1. For description of a HUialler form devised by Voit, see 
U. S. Dept. Agr., Office of Experiment Stations Bui. 21, p. 109. 
^Landw. Jahrb., 1889, p. 1. 
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No8. 3463 and 3464 >yere made by Hi^nneber^ at the experiment station at Weende 
in 1865, and are referred to by him in a discussion of the objeetn songht and methods 
followed in experiments with animals carried on by the experiment stations. The 
experiments are very likely dnplicates of Nos. 3474 and 3468 with the calculated 
balance of carbon, oxygen, and hydrogen added. The slight discrepancy in the fig- 
ures for nitrogen is due to the fact that in the original the quantities were given in 
pounds, and in Nos. .'^463 and 3464 there is one less decimal place quoted than in Nos. 
3474 and 3468. This caused some variation when the figures were reduced to grams 
before adding them to this compilation. In No. 3464 the value for nitrogen in the 
food as given by the author was incorrect but was corrected by the compilers from 
a later publication' where a report of the experiment is given in detail. 

Nos. 3465-3467. The data quoted in the table are calculations made by Henncberg 
based on previous experiments. The object was to compare the metabolism of a 
steer on a diet containing gluten with that on a maintenance ration of clover hay 
and oat straw. 

Nos. 3468-3475 were made by Henneberg, Bnsse, Schultz, KUhn, Maercker, Schulze, 
and Schultze at the experiment station at Weende in 1865. They form part of an 
extended series of observations on the feeding of full-grown steers. The food con- 
sisted of clover hay and oat straw. In most cases bean meal was also fed and in 
several cases starch and sugar. The food, urine, and feces were analyzed. 

The respiration experiments were made with a Pettenkofer apparatus and by 
practically the Munich methods and were of 12 hours duration. The carbon, hydro- 
gen, and oxygen balance was not given in the original publication, but the amounts 
of carbon dioxid and methan produced were measured and the carbon in the fooil, 
urine, and feces was determined. The carbon balance was computed by the compilers 
from the available data and inserted in the table. 

The principal conclusions reached were the following: With steers as well as with 
other animals all the nitrogen excretion is through the urine and feces. When the 
protein c<m8umed is increased or diminished, there is not an immediate correnponding 
change in the excretion of nitrogen, but the change is gradual. 

When no work is done, a steer re<|uire8 5(X) grams jirotein per 1.000 pounds (500 
kilograms) live weight daily for maintenance under normal conditions. 

Increased consumption of water generally increased the metabolism of protein, 
though this was more noticeable after a few days than at cmce. The relation between 
consumed and excreted nitrogen was fairly constant dnring each experiment. If 
nitrogen equilibrium was not reached at the first, it was not reached at all. 

With steers as with other animals, a marked change in the food produced a marked 
change in the metaboliHui of protein, other conditions remaining the same. 

The steers produced as much carbon dioxid as sheep, pound for pound. The 
carbon dioxid production increased when nitrogenous as well as nounitrogenous food 
was added to the basal ration. In the author's opinion, the excess of nutrients in a 
given diet over what is necessary for maintenance can never be as valuable for the 
production of tlesh, etc., a.s its com])osition would indicate. 

The condition of the animal influences the ]>roduction of carbon dioxid. Very 
little methan was found in the gaseouH excretory products. It was observed that 
the excretions of carbon dioxid and water were not always parallel; that each 
increased (1) when there was less moisture in the air, the temperature remaining 
constant, and (2) when the temperature inoreaMed and the moisture in the air remain- 
ing constant. In other words, the respiratory excretion of both carbon dioxid and 
water increased when the moisture in the air diminished, the temperature remaining 
constant. When the temperature rose, the moisture content remained unchanged. 

Nos. 3476-34i)9. This series of experiments was made by Kiihn, Thomas, Martin, 
Lankisch, G. Kiinig, Mohr, Botlchor, Koch, Waage, Mielcke, Kohler, Losche. Gerhard, 
and Kellner at the experiment station in Mockern in 1882, 1885-86, and 1889-90. 



Mour. Landw., 1871, p. 27. 
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The object was to determine whether fat was formed from carbohydrates and nnder 
what conditions, and also to study the formation of hydrocarbons in the intestines 
under various dietary conditions. The experiment was divided into periods. The 
author's numbers for these periods are ^iven in the tabic. The subjects were full- 
grown steers. The respiration apparatus used was of the Pettenkofer type. The 
capacity of the respiration chamber was 18.21 cubic meters. 

No attempt was made in these experiments to measure the water in the respiratory 
products or outer air. The only determinations made were analyses of food, urine, 
and feces; the amount of respired air, the carbon dioxid, and marsh gas in it; and 
the carbon dioxiil.in the air entering the apparatus. The respired air was measured 
with a large gas meter. Eight small mercury pumps and 8 small gas meters were 
used to collect and measure the samples of external and respired air. 

It is claimed by the Mockern investigators that their respiration apparatus is 
extremely accurate in its measurements of respired air and carbon dioxid. The 
carbon dioxid was measured as in the Pettenkofer apparatus. The respiration 
chamber containt^d a manger for food and water, which could be closed air-tight 
from the outside. Food or water could then be inserted through an opening in the 
wall, the opening closed and the cover of the manger raised. A correction was 
always made for the air thus introduced. ■ A similar arrangement was used for col- 
lecting the feces. There was a box in the door which could be closed air-tight and 
the feces then removed. The urine was collected by means of a "urine funnel'' 
which was strapped on to the animal. The urine ran through a tube passing through 
the bottom of the chamber and was collected in a large flask. The marsh gas in the 
respired air was estimated by passing a sample through a combustion tube. Up to 
18X5 the combustion tube was filled with ])umico stone impregnated with platinum 
and copper oxid. Later kaolin impregnated with platinum was substituted for the 
pi 1 mice stone. 

The accuracy of the measurements with this respiration apparatus was tested by 
control experiments with candles burned in the chamber. 

The amount of marsh gas in the atmospheric air was found to be very small and 
to vary much more than the amount of carbon dioxid. The variation was accounted 
for by atmospheric conditions, swampy or marshy districts, or, for instance, the pres- 
ence of large chimneys in the neighborhood. 

Tlie conclusions drawn were the following: The smallest ration which will main- 
tain a steer in perfect quiet must furnish 0.7 kilogram digestible protein and 6.7 
kilograms digestible nitrogen- free substance per 1,000 kilograms live weight daily. 
Any excess over this amount of nutrients causes the production of fat. It makes 
nodilVereuco whether the excess be nitrogenous or nonnitrogenous matter. A very 
valuable practical deduction is that in these exjieriments even with very wide rations 
which are not ordinarily regarded as desirable, the intensit3' of the fat production 
was in no wise <liminished. 

Fat is produced from carbohydrates, 1 kilogram of starch producing on an aver- 
age 0.2 kilogram fat. 

Hydrocarbons were always found in the gaseous excretions. The amount was 
proportitmal to tlu^ total amount of carbon excreted in gaseous form. It was not, 
however, proportional to the amount of crude fiber consumed. This is contrary to 
the conclusions drawn by Tappeiner from his investigations. Hydrocarbons (unox- 
idized carbon) are formed in the stomach and intestines of ruminants not only when 
cellulose is consumed, but also in about the same proportion when starch or other 
nonnitrogenous material is substituted for cellulose. 

'J he feeding stuff's rich in protein influence the production of hydrocarbons little 
or not at all as compared with the other feeding foods. 

Nos. 3500-3505 were made by Soxhlet at the Agricultural Experiment Station in 
Vienna in 1874 and 1875. The object was the investigation of the metabolism of the 
sucking calf. The exiieriments were made with 3 steer oalvea. The food consisted 
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of milk, which was fed from a bottle. The dry matter, fat, nitrogen, sngsr, aah, 
ash constitnents, phosphoric acid, rhiorin, and carbon in the milk; the nitrogen, 
carbon, ash, and ash constitnents in the nrine; and the dry matter, nitrogen, carbon, 
ash, ash constituents, and fat in the feces were determined. Respiration experi- 
ments were made with a respiration apparatus similar to that of Pettenkofer, and by 
similar methods. The respiration experiments were of 24 honrs duration, and the 
feeding experiments- lasted several days. The experiments are discussed at length 
in detail. 

Among the conclusions reached were the following: A sucking ralf closely resem- 
bles a carnivorous animal in that its diet consists of animal foo<l with an abundance 
of protein and fat, the tim > of digestion is short, and the food is almost completely 
digested. In the amount of nitrogen and carbon consumed the calf resembles a 
well-nourished carnivorous animal, and in the quantity of protein metabolized and 
not excreted, it resembles a fasting carnivorous animal. The sucking calf consnmes 
the same quantity of dry matter, and one and a half times as much protein as a full- 
grown herbivorous animal of the same weight (sheep) with a very abundant diet, 
for instance a fattening ration; but it excretes as little protein ns an herbivorous 
animal on a maintenance ration. In the adult animal under all circumstances by 
far the larger part of the protein of the food is transformed into easily decomposable 
"circulating protein,'' but in the calf only a very small part. In an adult animal 
under all circumstances the ]>rotoin metabolized is greater than the gain of protein, 
or, in other words, the larger part of the proti'in of the food is transformed into 
circulating protein and tht^ smaller x>art intu protein of tissue. In the sucking calf 
the reverse is true, since the amount of protein stored is always larger than the 
amount of protein metabolized, two-thirds of the proti'in of the food becoming pro- 
tein of tissue and one-third circulating protein. A very much greater quantity of 
minek'al matter is retained by the sucking calf than by the adnit animal. 

From the results obtained in these experiments the author compute<l the food con- 
sumed and the metabolic balance for a calf 2 or 3 weeks old weighing 50 kilograms. 
His results are often referred to, and this calculated average (No. 3505) is usually 
quoted instead of the results actually obtained. 

Nos. 3506-3512 were made by Bidder and Schmidt in Dorpat (f) in 1847-48, in con- 
nection with an ext^^ndcd nutrition investigation. The suhjcct was a cat. The food 
in 5 cases couHisted of meat, in 4 cases with, and in 1 without, water. In 2 cases no 
food was given; water was, however, supplied. 

The cat was ccmfined in a metallic box having windows on 3 sides. Tht^ capacity 
of the box was 0.5 cubic meter. The bottom was concave, and in the center there 
was a tube through which the urine il<»wed. The nitrogen in the urine was deter- 
mined by combustion with eopp<'r oxid, the urine being fii-st evaporated with pow- 
dered quartz. It is not stated that direct determinations of nitrogen, carbon, etc., 
in the food and feces were made. The inference is that they were, at least in part. 
No common factor for calculating the nitrogen of meat was used. The cat was allowed 
to leave the cage some time each day, but was carefnlly watched. 

The respiration experiments were made with an apparatus similar to that of 
Boussinganlt. The bell glass under which the cat was placed ha^l a capacity of 39.43 
liters. During an hour 15.2 liters of air were ])assed through the bell jar by means 
of an aspirator, in order that there might be no accumulation of carbon dioxid, 
which would hinder the success of the experiment. The air in the room in which 
the apparatus stood was analyzed. 

In these experiments there is a very slight difference between the nitrogen con- 
sumed and that excreted. This is explained on the ground that muscular tissue was 
formed. The possibility of a respiratory excretion of nitrogen is also suggested. 
[In considering these experiments it is a justifiable assumption that this very small 
quantity is entirely within the limit of error.] 

These experiments are interesting because they were cited by Voit ^ as proving 



1 Ztechr. Biol., 2 (1866), p. 18. 
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that no nitrogen was excreted except in the urine and feces, while Seegen and 
Nowak I took an opposite view. 

Nos. 3513-3515 were made by Bidder and Schmidt in Dorpat ( ?) in 1849-50, in con- 
nection with an extended stady of animal natrition. The subjects were 2 dogs. 
The food was meat. The food, urine, and feces and gall were analyzed in some cases, 
and the inference is that this was done for each experiment. The gall was collected 
by means of a fistula. The respiration experiment was made with an apparatus 
which is described as being essentially like that of Boussingault. 

The carbon dioxid in the respired air was determined. The expired water vapor 
was evidently calcnlated. 

The conclusion was reached that practically all the nitrogen consumed was excreted 
in the solid and liquid excretory products. 

Nos. 3516-3600 were made by Pettenkofer and Volt at the Physiological Institute 
in Munich in 1861-1863. The object was the study of metabolism when fasting, and 
with food furnishing protein, fat, and carbohydrates singly and in various combi- 
nations. A dog was used as the subject. Nos. 3525-3532 include the tests while 
fasting; Nos. 3530-3532 while on a ration of fat; Nos. 3516-3524 and Nas. 3535-a557 
on a protein ration ; Nos. 3558-3573 on a protein and fat ration ; Nos. 3574-3592 on a 
ration of protein and carbohydrates with and without fat, and Nos. 3593-3600 on 
a ration of carbohydrates with and without fat. 

The experiments lasted several days, though the respiratory products were deter- 
mined for one day only in each case. The small respiration apparatus devised by 
Yoit on the plan of the large one of Pettenkofer''' was used. 

In these experiments a complete study of the metabolism of nitrogen, carbon, oxygen, 
and ash was attempted. The food, feces, urine, and ventilating current of air were 
weighed and measured. In the respiratory products the carbon dioxid and water 
were detormined by absorption and the hydrocarbons and hydrogen by combustion, 
as in the respiration experiments with men described above. 

Lean meat (muscular tissue nearly freed from fat) was used to supply protein, fat 
pork ( f ) for fat, and starch or grape sugar for carbohydrates. The meat was care- 
fully selected, cut up into very small pieces, and all visible fat and connective tissue, 
tendon, etc., removed with pinchers as completely as possible. Voit believed that 
meat thus prepared was practically unvarying in composition, and that the percent- 
ages of nitrogen, carbon, hydrogen^ oxygen, and ash might therefore be estimated 
from previous analyses of similarly prepared lean beef. Accordingly no analyses 
of the meat were made for thene experiments. In like manner the composition of 
the fat, sugar, and starch was calculated from other analyses. The composition 
of the feces was likewise estimated, rather than found by actual determination. The 
urea in the urine was determined by the Liebig titration method. The dry matter 
in the urine was calculated from previous work.^ Analyses were also made of sam- 
ples of the urine which were evax>orated to dryness with quartz sand. All the dat-a 
thus obtained were used in determining the carbon, oxygen, and hydrogen, because 
it was found that the total dry matter in urine was somewhat greater than the urea 
plus the soluble salts. What this excess consisted of is not stated.-* 

> Studien Uber Stolfwechsei, p. 204. 

^ Ann. Chem., Sup. II, p. 1. See also U. S. Dept. Agr., Office of Experiment Stations 
Bui. 21, p. 108. 
^'Ztschr. Biol., 1, p. 136. 
^Ann. Chem., Sup. II, p. 364. 



408 A DIGEST OP METABOLISM EXPERIMENTS. 

The oxygen consamed was ouioolated by difference; in the manner shown in the 

following exam]>le: > 

Grams. 

Weight of animal at end of experiment 33, 171. 00 

Weight of urino excreted during experiment 1, 061. 00 

Weight of carbon dioxid excreted during experiment 539. 40 

Weight of water excreted during experiment 343. 48 

Weight of hydrogen excreted during experiment 0. 67 

Weight of methan excreted during experiment 2. 66 

Total 35,118.13 

Gnuni. 

Weight of animal at beginning of experiment 33, 140 

Weight of food consumed 1, 500 

Total ; 34,640.00 

Oxygen consumed 478. 13 

Au error of 1 gram in the earboii would make an error of 3 grams in the oxygen, 
and an error of 1 gram in the hydrogen would make an error of 8 grams in the 
oxygen. As a control on the accuracy of the calculation of the oxygen, the amount 
necessary for the combustion of the carbon and hydrogen in the food was also 
cah'ulated in some cases. 

The actual determinations made in these experiments were, therefore, nitrogen, 
carbon, and hydrogen in urine; dry matter and water in feces; and carbon dioxid, 
water, methan, and hydrogen in respiratory products. 

The principal conclusions drawn from these experiments were the following: 

When no food in supplied, the organism lives from t*ie protein and the fat of its 
tissues, consuming Jii.st enough oxygen from the air to oxidize them completely. 

When fat alone is supplied in the food and the amount is equal to that consumed 
from the organism during fasting, fat is consumed from the organism in addition 
to that supplied by the food. On a diet of fat less oxygen was consumed than dur- 
ing fasting. When larger quantities of fat were sujiplied, more oxygen was still 
consumed; and although the organism continued to lose nitrogen, there was a gain 
of fat. 

When lean meat only was fed and the amount eaten was small (500-1,000 grams), 
the organism lost nitrogen and fat. When a larger amount of lean meat was eat-en 
(1,500 grams), the organism was in nitrogen and c«Arl)on e(|nilibrium. When still 
more lean meat (1,800-2,500 grams) was oaten, more nitrogen was metabolized, but 
nitrogen equilibrium was eventually reached. Although in this latter <'ase all the 
nitrogen consumed was excreted (i.e., the nitrogen in urine and feces was equal to 
that in the food), some car1)on was retained by the organism. If carbon is stored in 
the organism it was assumed that it must be in the form of fat. As the lean meat 
was assumed to be practically i)ure protein (only 0.0 per cent being fat), the con- 
clusion was reached that the fat had been formed from protein. The fat thus formed 
is not proi)ortional to the quantity of meat consumed, but is influenced by the con- 
dition of the organism. Tims fat is most readily formed from protein when the body 
has little fat. The eonHum])tion of oxygen increases with the increased consumption 
of lean meat. 

When lean meat and fat are supplied and the amount of fat is not large, the feces 
contain very little fat, i. e., the fat is assimilated and what is not needed is stored in 
the organism. If, however, large quantities of fat ore eaten, the amount in the feces 
may be quite considerable, i. e., all the excess over the amount required by the 
organism can not bo absorbed and stored or consume<l. If the body has little fat, 
fat is readily stored up from that tak(m ns fat in the food or from that formed from 
protein. If there is an abundance of fat in the body it binders the formation of 

' Ztschr. Biol., 7, p. 437. 
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fat fVom protein. In the opinion of the anthors, fat is not more easily burned in the 
organism than protein, but the reverse. This ])oint is discussed at considerable 
length. 

When lean meat and starch were fed in sufficient quantities, fat was store<l in the 
organism. In the authors' opinion this is not because the fat is formed from carbo- 
hydrates, but because the carbohydrates protect the fat which has been formed from 
protein. 

When carbohydrates are taken either alone or with very litth^ fat, all the carbon is 
excreted and no fat is formed from them. It is immaterial \vh(>ther starch or gra]>e 
sugar is used. Less protein is consumed from the tissues than in fiisting. The car- 
bohydrates protect the protein. 

With starch i\M food the quantity of feces is very small. With a diet of bread, 
which is largely starch, the feces are more abundant. Carbohydrates are more 
easily burned in the organism than fat. 

The two important conclusions irom all these experiments are that (1) fat is formed 
from protein, and (2) fat is not formed from carbohydrates. 

In view of the importance of the theories d«^duced from these experiments some 
statements regarding opinions held to-day concerning them may not bo out of place. 
It is now generally conceded that fat is formed from carboh3'drate8. This point has 
been discussed at some length in previous publications of this office.' 

The formation of fat from protein is perhaps still an open question. Voit's experi- 
ments and results have been recently discussed by P(l!iger,« who advanced objection 
to them. More recently E. Voit repeated the experiments made by his father with 
apparently all the needful precautions in the way of analyses, and in a brief prelimi- 
nary report of his work** claims to have substantiated his father's conclusions and to 
have demonstrated the formation of fat from protein. In K. Voit's experiments the 
subject was a dog weighing 23 kilograms. Only one experiment U given in detail in 
the brief preliminary report. The dog consumed daily for 3 days 1,500 grams pure 
meat (extracted with water), containing 367 grams protein (60 grams nitrogen, 197.4 
grams carbon). The nitrogen excreted on the 3 days of the experiment was 35.5 
grams, 50 grams, and 53.1 grams, respectively. The protein broken down would 
furnish 116.7 grams, 161.1 grams, and 174.6 grams carbon; and 129.2 grams, 14S.6 
grams, and 156.5 grams carbon were actually excreted. On the first day there was 
a deficit of 12.4 grams carbon, equivalent to 16 grams fat. On the two succeeding 
days there was a gain of 12.5 and 18.2 grams carbon, respectively, equivalent to 16 
and 24 grams fat. The possibility of the stated carbon being in the form of glycogen 
is also discussed, but the author does not consider it probable. 

On the second and third days, therefore, considerable carbon was stored up. It 
may be that this carbon was stored as glycogen ; still, as the author points out, the 
amount which can be formed from protein is smaller than the quantity of nitrogen- 
free material which must have been formed in this case. 

As pointed out by Zuntz in the article referre<l to above, the possiliility of the for- 
mation of fat from protein has been shown by otlier metiiods than those of Voit to 
be extremely probable. 

Nos. 3601-36(^ were made by Rubner in the laboratory of the Physiological Insti- 
tute in Munich in 1883. The object was to study the isodynamic values of nutrients 
for the animal organism. The subjects were dogs. A number of ex])erimentD were 
ma<le besides Nos. 3601-3605, but they could not be included in the present compila- 
tion as the data recorded were of a different nature. 

No food was consumed. The urine and feces were probably analyzed. The respir- 



' N. Zuntz, ''The metabolism of nutrients in the animal body and the source of 
muscular energy " (Experiment Station Record, 7, p. 538). S. Soskin, "The forma- 
tion of fat in the animal body" (Experiment Station Record, 8, p. 179). 

2 PflUger's Arch., 51 (1892), p. 267. 

'Jahresber. Thier. Chem., 1892, p. 34. 
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atory products were measured and analyzed. In No. 3603 the figares for bahmoe of 
income and outgo of carbon are not given, aa the data were not found in the pub- 
lication cited. 

Among the conclnsions reached were the following: Each gram of fkt in the food 
is the isodynamio equivalent of a gram of body fat, and protein of food (circulat- 
ing protein) is the isodynamic equivalent of protein of tissue which is metabolized 
when sufficient protein is not supplied in the food. It is probable that the forma- 
tion of organized protein from the protein of the food takes place without any con- 
siderable storing up of potential energy. In general, 240 parts of carbohydrates 
are the isodynamic ecptivaleut of 100 parts of fat, and 100 parts of protein are the 
isodynamic etiuivalent of 113 parts of cane sugar or 122 parts of grape sugar. 

In the author's opiuion this investigation first gave exi>erimental proof of the fact 
that energy is utilized in the body without loss; that is, the principle of the con- 
servation of euergy holds good for the animal organism. 

The experiments and the theories deduced fW>m them are discussed at length. 

Nos. 3606, 3607 were made by Simanowsky at the Physiological Institute in Munich 
in 1883-84. The object was to study the induence on metabolism of a body temper, 
ature higher than normal produced by artificial methods. The subject was a dog. 
No food was consumed. The rise in temperature was ])rodu(!ed by giving the dog hot 
baths of 38-38.5^ C. The animal was placed in a large tub which had a wooden 
cover with an opening for the head. His temperature rose rapidly — for instance, 
inside of 7 minutes from 38.35^ to 40.4"^, and remained there until half an hour after 
the bath. The separation of the feces was made with bones. The urine was collected 
with a catheter. The nitrogen in the urine was determined by the Sohneider-Seegen 
method and in the feces by the Will-Warrentrapp method. 

Respiration experiments were made with the Pettenkofer-Yoit apparatus. 

The conclusion was reached that raising the body temperature artificially for 
several hours by means of hot baths did not increase the nitrogen-free metabolic 
products. The excretion of nitrogen remained normal or was increase<l a very little. 

Nos. 3600-3611 were made by Rubner in the laboratory of the Physiological Insti- 
tute in Munich in 1883, with a dog. The object was to learn something of the fonna- 
tion of fat from carbohydrates in the animal organism. In one test no food was 
consumed. In the other two testH the food couHisted of cane sagar and starch. Tlie 
respirati(m experimeiitH were made with the Hmall Pettenkofer apparatus. In all 
details this work corresponds to the work of Pettenkofer and Voit. 

The conclusion is drawn that fat is formed from carbohydrates in the case of 
meat-eating animals. 

Nos. 3612-3614 were made by Boussingault in 1844 ( f ). The object was, by com- 
paring the ingested and excreted material, to determine whether nitrogen was 
excreted in the gaseous excretory products of birds. The subject was a dove. In 
Nos. 3612 and 3613 the food consinted of millet; in No. 3614 no food was consumed. 
Elementary analyHcs of the millet and feces were made. The carbon dioxid pro- 
duced in the respiratory products was measured by means of u small respiration 
apparatus. ThiH consisted of a glass bell jar in which the subject was confined, 
with a suitable device for pumping air through the jar. The carbon dioxid and 
water in the air which left the jar was determined. In Nos. 3612 and 3613 the sub- 
ject lost between 1 and 2 grams in weight. More nitrogen was consumed than was 
excreted in the feces. 

It was the author's conclusion that the amount representing the difference was 
excreted in the gaseous excretory products. 

Nos. 3615 and 3616 were made by Kuchein in the laboratory of the Physiological 
Institute at Munich in 1880. The object was to study the metabolism of fowls when 
fasting to see if it was similar to that of Carnivora and Herbivora. The subject 
of No. 3615 was a rooster and of No. 3616 a hen. The rooster died on the ninth day 
of fasting and the hen on the twelfth day. The nitrogen in the excreta was deter- 
mined by th9 WiU-Worrentrupp method. The carbon in the excreta was calcuUtod, 
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The carbon dioxid in the respiratory products was determined with a small Voit 
respiration apparatus by the usual methods. In No. 3616 the weight of the different 
organs and tlie water, nitrogen, and fat in the bones, muscles, tissue, and internal 
organs was determined. 

The following conclusions were reached : When fasting, fowls metabolize less pro- 
tein and more nitrogen -free extract than other animals pound for pound ; therefore 
the metabolism of fowls can not be regarded as intense. Fowls require much less 
protein and much more nitrogen-free nutrients for maintenance than other animals 
of the same weight. 

No. 3617 was made by Lehmann, Hagemann, and Zuntz at tlie Agricultural Experi- 
ment Station of the University of Gottingeu in 1894 ( f ), in connection with a series 
of investigations on the metabolism of a horse, conducted by Zuntz at the Institute for 
Animal Physiology of the Agricultural Institute in Berlin. The food consisted of oats, 
hay, and chopped straw, and was calculated to be sufficient for the production of 6,777 
kilogrammeters of work. Analyses were made of the food, urine, and feces. The res- 
piratory products were measured for 1 da}'. An apparatus similar to that of Potten- 
kofer was used and similar methods followed. The figures for nitrogen in the food, 
urine, and feces represent the average for several days. In the experimeuts carried 
on in Berlin the respirator^' quotient was measured by the aid of Zuntz's apparatus — 
i. e., a tube was inserted in the horse's trachea. This was connected with two tubes 
and by an arrangement of valves the air passed in througb one tube and out through 
another. No air was taken into the lungs except through this apparatus. It is 
stated that horses undergo the operation of tracheotomy without permanent injury 
and apparently suffer no inconvenience from it afterwards. The carbon dioxid 
produced and oxygen consumed were measured by suitable methods. 

The authors devised another apparatus which served the same purpose as the 
tracheal tube and could be used in place of it. This consisted of a mask worn over 
the horse^s nose and mouth. It wtis provided with two tubes with suitable valves; 
one tube for the inspired, and the other for the expired, air. 

By combining the results obtained with the Pettenkofer apparatus and those 
obtained with the Zuntz apparatus it was possible not only to measure the total 
carbon excreted, but also to determine the amount of carbon dioxid excreted from 
the lungs and from the intestines and skin. 

The following conclusions were drawn from the experiments : Methan accompanies 
carbon dioxid as a gaseous excretory product of horses, though the amount is very 
much less than in the case of Herbivora. As an average of six experiments, 210 
grams of methan, equivalent to 15.7 grams of carbon dioxid, was produced daily when 
the horse was fed principally oats, the amount being little more than sufficient for 
maintenance. The methan is largely excreted from the intestines, and with it about 
37.5 per cent of its volume of carbon dioxid. Not more than 1 gram of free hydrogen 
was excreted per day. In this experiment the horse produced 73.9 liters of carbon 
dioxid in 24 hours in addition to that excreted from the lungs, and of this 13.3 liters 
were excreted from the intestines and 60.6 liters through the skin. The gaseous excre- 
tion through the skin was about 2.5 per cent of that through the lungs. When the 
gaseous exchange through the lungs only is taken into account, the carbon dioxid 
excretion obtained is 3 per cent too low and the nitrogen excretion is also too low, 
though the amount is less than 3 per cent. Taking into account this error, the metab- 
olism of a horse doing no work, calculated by the Zuntz method, gave the same result 
as by the Pettenkofer method. The results by the two methods differed only within 
the limits of error due to the fact that the animal could not be kept perfectly still. 

No. 3618 was made by Regnault and Reiset at the College de France in Paris in 
1849, and forms part of a long series of respiration experiments. The subject was a 
rabbit. The food consisted of carrots. No analyses of food, urine, or feces were 
made. The subject was confined in a small respiration apparatus. This consisted 
of (1) a respiration chamber, (2) a device for absorbing the carbon dioxid, and (3) a 
device for supplyia^ oxygen. The respiration chamber was a bell glass of 45 liters 
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cap.'u^ity. It was cuinented to a base aud immersed in water. Tlie carbon dioxid 
produccnl by thv, subject was absorbed in two vessels containing potassium bydroxid 
solution. Tbcse vesselH resembled tbe mercury bolders of an air pump. When one 
wsks lowered tbe potassium bydroxid solutiou would till it and tbe otber was filled 
witb jiir from tbe ri'spiration cbamber. Wben tbe position of tbe two vessels wa« 
reversed, potassium bydroxid solution passed from one to tbe otber and removed more 
or less of tbe carbon dioxid from tbe air witb wbich it came in contact. 

Oxygen was stored in Hoveral larjje vessels and admitt<Ml to tbe respiration chamber 
as nee<led. Tbe air in tbe respiration cbamber at the beginning and end of the 
ex])eriment was analyzed. From the amount (»f car1)ou dioxid in it and that absorbed 
by tbe ])ota88ium bydroxid solution^ tbe amount of carbon dioxid produced was cal- 
culated. Tbe nitrogen content of tbe air at tbe beginning and end of the experiment 
was also determined. 

In this experiment witb tlie rabbit the air contained more nitrogen than normal 
air. and tbe conclusion was reached that nitrogen was excreted in the gaseous excre- 
tory products. Tbe rabbit gained 14 grams in weight. 

Hidder and Schmidt qu(»ted this experiment in a discussion of tbe theory of 'Muxus 
consumption " of food. They calculated tbe composition of t\w food, urine, and feces, 
and their figures are those given in the table. ITie figures are quoted for their 
interest from an historical staudpoint. 

Tbe autlutrs made a largo number of experiments witb dogs, rabbits, marmots, 
chickens, small birds, I'rogs, and li/ards. Tbe marmots were hibernating at the time 
of tbe experiment. The si)erial points considered in these experiments wert* the 
excn^ion of carbon dioxid and tbe amount of oxygen absorbed from the air. The 
resj)iratory excretion of nitrogen was also discussed. Tbe authors believed when 
food was consumed some nitrogen was excreted in the gaseous excretory products, 
although the amount was very small. Wben fa^sting it was believed that nitrogen 
was absorbed from the air. [Tbe ex])erimeut and tbe respiration apparatus usetl for 
it are of special interest, both because of the fact that they mark the beginning of 
that class of systematic investigatitms which are commonly classed as respiration 
exj)eriinents, and because of the ingenuity of the apparatus' and methods of investi- 
gation. Notwithstanding tbe crudeness of tbe experimental methods of half a 
century ago as ctmipared with the present, these investigations have ])ermanent 
historical value.] 

Nos. 3<)ll>-.^()28 wiTe made by Knieriem at the laboratory nf the Physiological Insti- 
tute in Munich in 1871)-*<0. Tbe object was to study the nutritive value of cellulose. 
Two rabbits were used. Tlioy were in separatt^ cages and were fed the same rations. 
In eabulating the rt;sults, tlie moan of the total excretecl urine and feces was taken 
as representing the amounts lor ojw animal. The respiration ex])eriment« were 
made witb the small Voit respiration apparatus and were of one or two days' dura- 
tion. I'he ex<'reted carbon dioxid was the only factor measured. Tbe food con- 
sisted of milk or ni^i:^ albumen. Horn sliavings, crude tiber, and sugar were fed witb 
tbe milk and meat extract, and horn shavings, sugar, and lil)er from cabbage leaf 
w«'r(* fed in varying combirmtions witb tbe albumen. 

A sunicient quantity of milk lor a wliole experiment was boiled, and then kept on 
ice in sealed botth-s until meded. The dry matter, carbon, nitrogen, ash, sulphur, 
and i)h(isidiori(^ acid in the milk an<l born shavings and the fat in tbe milk were 
<l('t<'ruiined. The carbon in the sugar, and ccude liber from cabbage leaf were <leter- 
mined and (dementary analyses of oix^ albumen aud meat extract were made. The 
nitrog(;n and cariton. and sometimes the sulphur and jdiospboricacid in the urine iind 
feces and the <Tude tiber in the feces, were also <letermined. 



'American readers not familiar witb the fact will be interested to know that there 
is in the lalioratory of Professor Chapman, of the .lefi'ersnn Medical College, Phila- 
delphia, a duplicate of tbe famous respirati<ui appuiatus of h*cgnault and Keiset. It 
was made by (iolaz, of Paris, the maker of the original, and from tbe same drawings. 
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The conclusion is reached that cellulose is a nutrient for Herbivora. The article 
contains an extended diHCUSsion of the subject, with many references to previous 
work. A number of digestion experiineuts in which no metabolic balance was 
determined were made by the author with man, hens, dogs, a hedgehog, and rabbits. 

Nos. 3620-3647 were made by May at the Physiological Institute in Munich iu 1892. 
The object was to investigate metabolism during fever. The subjects were rabbits. 
Fever was produci-d by inoculation with hog-cholera culture. In most of the experi- 
ments no food was consumed. In some grape sugar and water were injected into 
the stomach. The urine was collected with a catheter. The respiration experiments 
were made with the small Voit respiration apparatus. The carbon in the grape sugar 
was calculated. The nitrogen in the urine was determined by the Kjeldahl or 
Schneider-Seegen method. The carbon was calculated in two cases from Rnbner's 
figures and in the otber cases determined. The carbon dioxid was determined, and 
in two instances the oxygen was estimated in the respiratory products. Careful 
records were kept of the body temperature. The heat, measured in calories, pro- 
duced by the rabbits with and without fever, was caleulated. 

The principal conelusions drawn were the following: Fever increases the amount 
of heat produced. This depends ujjon the fact that more protein is metabolized. 
Carbohydrates i)roteet protein during fever. The relation of carbon to nitrogen in 
the urine is changed by fever, fever urine being richer in carbon than normal urine. 
The increased metabolism of proteiu during fevi-r is caused by the increased demand 
of the organism for carbohydrates, which are utilized and can not protect proU'in. 

A number of experiments (which were not of the sort reported iu this compilation) 
were made on the utilizati<m of glycogen during fever. The conclusion was reached 
that glycogen in the body disappears more rapidly during fever than under normal 
conditions. 

Nos. 364H-3(r)0 and Nos. 3395-3398, Table 36, were made by Henneberg, Busse, 
Schultz, Kiihn, Maercker, S<hulze, andSchultze at the experiment station in Weende 
in 1868, to study the metabolism of sheep on a maintenance ration aiul to compare 
the effect of feeding during the d.iy with feeding during the night. The subjects 
were 2 shei'p about 44 years old. In Nos. 3395 and 3396 the animals were fed during 
the day and in Nos. 3397 and 3398 they were fed during the night. The food consisted 
of meadow hay, with a little salt. 

No. 3648 is an average, based on Nos. J^95 and 3396, with the figures for balance of 
income and outgo of carbon in addition. No. 3619 is a similar average, based on Nos. 
3397 and 3398. No. 3650 is an average based on :-648 and 3ai9. Th(; balance of 
mineral matter given in No. 3398 is an average value for the two subjects for the 
whole experimental period. 

The respiratory products were mejisured and analyzed in connection with Nos. 
3395-3398. Sufficient data were not given by the author to include the results in the 
present com]»ilation. Analyses were made of the food, urine, and feces. The res- 
piration experiments were made with a Pettenkofer-Voit apparatus by practically 
the same methods as those followed in Munich. The ammonia in the respired air 
was also determined. It amounted to 0.37 gram per day, equivalent to 0.31 gram 
of nitrogen. A test was also made to determine the carbon dioxid excretion when 
no food was consumed. The urine and feces were not analvzed. 

Among the conclusions reached were the following: The carbou <lioxid produced 
during the day and night differed in amount. This was not caused by light and 
darkness, but by the time of feeding. When the same quantities of food were con- 
sumed, the total quantity of carbon dioxid excreted in 24 hours was unchanged. 

When food was consumed during the day more carbon dioxid was produced, and 
vice versa. Variations in the amount of carbou dioxid excreted were also influenced 
by the fact that the sheep did not remain quiet — by their eating at unusual times, by 
the temperature of the apparatus, the temperature and <|uantity of food and water 
consumed, and by the amount of water vapor excreted through the lungs. The j>ro- 
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daotion of carbon dioxid and water vapor were parallel. No marked excretion of 
methan, ammonia, or hydrogen was observed. The inspired oxygen was not all 
immediately expired. Of the total amount of carbon consumed, 48.7 per cont was 
excreted in the respiratory products and 43.8 per cent in the feces. Three-iifths of 
the water consumcul was excreted in tho urine and feces and two-fifbhs in the gase- 
ous excretory products. The heat produced by the oxidation processes in the body 
was calculated to be equal to about 1,900 calories per day, or 420 calories per kilogram 
bo<ly weight. 

The experiments and the deductions drawn from them are discnsseil at length. 

No. 3651 was made by Henneberg, Fleischer, and Mil Her at the experiment station 
in Weende in 1872, and forms part of an investigation on the changes in metabolism 
in ruminants due to changes in the food consumed. Two sheep were used as sub- 
jects. The excretory products of both sheep wero collected and the average results 
taken as the values for (me sheep. The experiments were made by the usual meth- 
ods followed at Weende. 

The investigation was divided into throe periods. In the first period the ration 
consisteil of meadow hay and barley meal. In the second and third ])eriods tVe 
amount of protein in the ration was increase<l by diminishing the amount of barley 
meal and adding wheat glut<'n. In the publication cited in the reference column 
of the table the authors reported iik full the data for the first period only, but gSTe 
oonclusions which were drawn fVom the whole inveAtigati<m, as follows: 

Small animals require relatively more material for building tissue than large ani- 
mals. In this investigation in all cases where the amount of digestible protein con- 
Bume<l was greater than the amount necessary for equilibrium there was a gain in 
protein. When this woh not the case there was a loss. This was not due alone to 
tho <'ousumption of stored protein, but also and in large part to the great change tn 
the ration. A period of 6 days did not seem to be long enough to insure nitrogen 
equilibrium. 

Nos. 3<>52-36r)7 were made by Meissl, Strohmer, and Lorenz at the Experiment Sta- 
tion for Agricultural Chemistry at Vienna in 1882-1884. The object was a study of 
the metabolism of Hwiue. The food ('onsisted in 2 experimt^nta of rice, in 1 of bar- 
ley meal, and in 1 of rice, whey, and meat meal. In 2 experiments no food was con- 
sume<l. AnalyHcs of food and feeoH were made by the Woen<Ie method. The nitro- 
gen in food and feces was determined by tho Will-Warrentrapp, Dumas (with 
Meissl's modificaticm), or Kjeldahl method. Often two methods wore a.sed for the 
same substance. Tho nitrogen in the urino was det(>rmiu(Ml with Knop's azometer 
with Rome later modificati(ms. Carbon was dotennined in food, urine, and feces. 
The specific gravity, hippuric acid, and chlorin of tho urine were also determined. 
The carb<m dioxi<l in tho respiratory products was determined with a respiration 
ap])aratus made on the Pettonkofer plan. 

The experiments are discussed in detail, and one of tho ])rinripal conclusions drawn 
concerns the very considerable amount of fat which muHt have been formed ftom 
carbohydratoH. The digestibility of tho rations is also discussed at length. The 
concluHion is also reached that the amount of protein metabolized increases with 
tho amount supplied in the food. 

Nos. 3(r)8, 3()r>9, and 3453, Table 37, were made by Kornauth and Arche at the 
Imperial Agricultural C*hemical Experiment Station in Vienna in 1889. Tho object 
was to study tho metabolism of swine on a diet containing corn cockles. 

In Nos. 3453 and 3658 the food consisted of corn cockles, barley, and maize, and in 
No. 3659 of oil cake, barley, and maize. A little salt or salt and calcium phosphate 
were fed with tho grain. Full analyses of food and feces, including total nitrogen 
and amid nitrogen, were made. The carbon and nitrogen in the urine wore deter- 
mined in Nos. 3658 and 3659, and tho carbon dioxid in tho respiratory products was 
determined with a Voit respiration apparatus. 

Two other pigs were fed for puri)08e8 of comparison. One received the same ration 
as in the experiments proper, tho other a ration consisting of 70 per cent com 
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cockles and 30 per cent barley and maize. The resnlts were not given in snob form 
that they conld be included in the present compilation. 

The following conclusions were reached : Corn cockles diminished the metabolism 
of protein, increased the accumulation of fat, and diminished the excretion of 
carbon dioxid. They produced no bad effects on the health of the pig. When the 
ration was largely composed of com cockles it was not eaten as readily, owing to 
its bitter taste, and the pig made little growth. 

The digestibility of the ration with corn cockles did not differ materially from 
that of the ration without them, and the flesh gained on the ration containing them 
was normal in quality and composition. Considering their small* cost, com cooklea 
may be regarded as a suitable food for pigs. 

An investigation of the possibility of the formation of fat from protein in a cat 
was reported by Cremer' too late for insertion in the tables of this compilation. A 
considerable number of experiments were made at the University of Vienna. The 
article cited is a brief report of some of them. The urine was collected as in Bidder 
and Schmidt's experiments, and analyses were made of the food, urine, feces, and 
gaseous excretory products, a respiration apparatus being employed for the measure- 
ment of the respired air. After a daily consumption of 450 grams of meat for 8 days 
the subject fasted. The daily excretion of nitrogen (average of 8 days) in the urine 
and feces was 13.0 grams. The excretion of carbon in the urine was 7.5 grams, in 
the feces 1.4 grams, and in the respiratory products 25.4 grams ; in all, 34.3 grams. 
The total carbon which it was calculated would be furnished by the metabolism of 
protein sufficient to furnish the nitrogen excreted was 41.6 grams; that is, the body 
gained 7.3 grams carbon, which must have been derived from the cleavage of protein 
of body tissue. In the calculation it was assumed tliat in fat- and glycogen-free 
flesh nitrogen is to carbon as 1 : 3.2. The calculated gain of carbon for the whole 
period (8 days) was 58 grams, which would be equivalent to about 130 grams of 
glycogen. At the close of the experiments the cat was killed. It weighed 3.7 kilo- 
grams, and the organs and tissues were found to contain only 35 grams of glycogen 
and sugar- 
Experiments were also made with a oat fed an abundance of meat. It was calcu- 
lated that in one of the experiments over 20 per cent of the total carbon derived 
from metabolized protein was stored up in the body. The nitrogen excretion reached 
5 grams per kilogram of body weight — a very high value. 

The author concludes that his experiments confirm Voltes theory of the formation 
of fat from protein. 

Experiments, received too late for insertion in the tables of this compilation, were 
made with two steers A and B at the Agricultural Experiment Station at Mockem 
by Kellner, Kohler, Barnstein, Zielstorff, Hartung, and Ltihrig.' The object was to 
study the metabolism of matter and energy on a maintenance ration. This work is 
regarded by the authors as preliminary to a series of investigations on the metab- 
olism of steers under various conditions. The food, urine, feces, and respiratory prod- 
ucts were analyzed. The respiratory products were measured by the Pettenkofer 
apparatus. The analytical methods and apparatus were the same as those used by 
Kiihn' in his experiment with steers. For some time before the experiments proper 
began the steers were fed the same ration under similar conditions, to accustom 
them to it. The digestibility of the ration was determined for 15 days. Five of the 
days (not consecutive) were spent in the respiration apparatus. 

* Miinchen. med. Wochenschr., 44 (1897), p. 811. 

«Landw. Vers. Stat., 47 (1896), p. 275 (Experiment Station Record, 9, p. 167). 

>Landw. Vers. Stat., 44 (1894), p. 257. 
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Tlio daily balance of income and outgo of nitrogen and carbon was as follows: 

lialanre of income and outgo of nitrogen and oarhon. 



SU'er A : 8.5 kg. hay. 

2« k«. wat«r '.'. 

StwrB; 4 kj;. liay. 5 

k;j. Btruw, 40 >jin. 

salt, 2,021 kg.wat«r. 



Nitrogen. 



In f«KHl. 



In 
nrinc 



In iGainj + J 



fecoii. 



or 



lOM (— ). 



OramB. Orains.' Orams.' Gram*. 



116.2 61.3 i 48.7 



77.1 



+ 6.2 



46.6 45.1 —14.6 



In food. 



Gramt. 
8,554.6 



3,554.2 



In 
urine. 



Gramt, 
210.4 



109.1 



Carbon. 



Infeoe«. 



In re«|ii 

ratory 

prod- 

ncta. 



Grams. Orams. 
1.207.0 1,810.0 



1,500.1 , 2,011.6 



Gain (+) 

or 
lo«a(-). 



Orams. 
+ 127.1 

— 126.6 



From tbo balance of nitrogen and carbon tbe anthors calculate that steer A gained 
39 grains ]>rotein aii<l 139 grams fat, aud tiiat steer B lost 91 grams protein and 102 
graniH fat. The fuel value of the food, urine, and feces was determined by the bomb 
caloiinieter. 

Taking into account the fuel Talne of food and excretory products, and of the gain 
or lo88 of body tissue, tbe balance of income and outgo of energy in the two experi- 
ments was detenniued. (The balance is not complete, since tbe author did not 
measure tbo cuort^y liberated as beat or used for external muscular work.) The 
fuel value of these factors was as follows: 

Fuel value of food actually consumed, excretory prodnctSj and thiue gained and lost in 

experiments with steers. 



Mi'tidow Iiav (7,263 grn.) 

Fecfs (2,r>4'/ gni.) 

I'riiHsdry inatttT (63:{.7 gni.) 

Mothan ('l.'>8.4 p:in.) 

rrutcin tiMHUO uaiiii'd (3s» ^ni.) 
Fatty tl.HHiit' jiaiiied (139 j;ni.) . 



Total out;;o and Htorcil material 
Ualanco 



Stwr h : 

Meadow hay (3,494 ^m.) 

Out Htraw (4.146 gm.) 

Feces (3.086 kiii.) 

Urints dry matter (.'>42..'> ^m.) 

Methan (174.7 gin.) 

Protein tit«8uo I'rom body 

yut ty tisHiio from body .* 



Total oiitfjo. 
Ilalanco 



Income. < Outgo. 



Calories. 
32, 177. 3 



Caioriss, 



14. 8«2. 8 



15.426.4 
18, 368. 



405.3 
969.0 



16, 729. 1 



11.750.3 

1.915.0 

2,098.2 

220.5 

1, 320. 5 



17, 334. 5 



14. 576. 1 
1.549.4 
2. 314. 1 



18,430.6 



From tlirir own cx]»erinu'nts, and from experiments by Kiihn, the authors calculate 
that for steers 24, (MX) eulories of energy per day per 1,000 kilograms live weight are 
necessary for niaintonanee, and that tbe nutritive ingredients of hay of fair quality 
aud similar feeding stutl's furuish about 3.5 calories per gram. 



EXPERIMXINTS IN T77HICH THE BALANCE OF NITROGEN AND 

ENERGY V7AS DETERMINED. 

The establishing of the balance of energy in the animal body is a 
difficult task, since it involves the determination of the income and 
outgo of nitrogen, carbon, and other elements and adds thereto the 
measurement of the potential energy of food and excretory products 
and the more serious ])roblera of measuring the energy transformed 
within the body and given off as heat, mechanical work, or otherwise. 
This balance may be most conveniently expressed in terms of heat. 
The fuel value of the food consumed and of the urine and feces may be 
easily determined by a bomb calorimeter,^ or some similar suitable 
instrument. 

The measurement of the heat radiated from the body requires special 
apparatus to which the name respiration calorimeter has been ax)plied. 
Several forms liave been devised. A description of these, reasonably 
complete up to date of publication, was prepared several years ago, 
by Rosenthal (seep. 12). Most of the calorimeter experiments which 
have been found in the literature of the subject have been concerned 
with the measurement of tlie energy produced by the subject. The 
energy of the food has been left out of account, not because it was 
unimportant, but because the elaboration of methods and appara- 
tus for the special point studied was necessary before more complex 
investigations could be undertaken. Xo published experiments have 
been found with man in which the balance of income and outgo of 
energy was determined. A considerable number were made by Lik- 
hachev^ at St. Petersburg in which the attempt was made to measure 
the total outgo of energy with a calorimeter of special construction. 
This was a development of the apparatus used by Pashutin^ in simi- 
lar experiments with animals. As stated in a previous publication* 
of this Office a respiration calorimeter designed for experiments with 
man has been constructed in this country, although the experiments 
in which the balance of income and outgo of energy was determined 
have not been published. 

EXPERIMENTS WITH ANIMALS. 

In Table 39 are included 9 tests with dogs in which the balance of 
nitrogen and energy was determined. These experiments and others 
in which the results are not tabulated are discussed in the text. 

' U. S. Dept. Agr., Otruo of ExperiiiH-iit Stations Bui. 21, p. 120. 
* The production of lieat by healthy man in a condition of conipar.-itive Tvnt. Inaug. 
Diss. (Russian), St. Potersburg. 
'Vrach, 1886, No. 18. 
*U. S. Dept. Agr., Office of Experiment Stations liul. 44. 
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EXPERIMENTS WITH ANIMALS. 419 

Nos. 3660-3668 were made by Rnbner at the University of Marburg in 1889-90 as a 
stady of the soaroe of animal heat. The subjects were two dogs, weighing about 5 and 
12 kilograms, respectively. In some of the experiments the animals fasted ; in others 
they had lean meat to furnish protein, or bacon to furnish fat, or both. Thoy were 
placed inside the chamber of a respiration calorimeter especially devised by Rubner 
for determining the respiratory products and the heat given oif from the body.* 
The respiratory products were measured by the methods of Pettenkofer and Voit, 
and the heat by the expansion of air. The respiration chamber was a box with 6 
rectangular walls of copper. This was surrounded by a box of copper, making an 
air jacket, and this in turn by another copper box making a second air jacket which 
served to isolate the air in the inner jacket from an outer jacket of water contained 
in a double-walled box of copper surrounding the whole. The inner air Jacket was 
connected by a tube with a spirometer which served to measure the expansion of 
the air in the jacket when the latter was heated or the contraction when it was 
cooled, thus making practically an air thermometer. The water in the outside 
jacket could be maintained uniformly at any convenient temperature. It served 
not only to prevent access of heat to the chamber f^om without but also to absorb 
and carry away heat which was given off within the chamber and passed through 
the air jackets. Inside the water were vessels of copper connected by a tube with 
a second spirometer, making a second air thermometer which showed the correc- 
tions to be applied for temperature and barometric pressure. At one end was an 
opening through the walls of the apparatus. This was closed by a cover consisting 
of a metal frame with a double window of glass. By opening this door the animal 
could be passed in and out. Tubes were also provided for passing a current of air 
through the chamber and for mercury thermometers. A part of the heat given off 
from the body of the animal was carried out by the air current and was determined 
from the volume of the latter and its rise in temperature in passing through the 
chamber; another part was carried away in the water vapor in this air, which was 
also measured, while the greater part passed through the walls the amount being 
determined from the expansion of the air in the inner jacket. The mechanical 
features of the apparatus were numerous. Its accuracy was tested by numerous 
control experiments in which known amounts of carbon dioxid, water, and heat 
were introduced into the chamber and measured. 

In the experiments with animals the determinations actually made were as fol- 
lows: The weights of the animal at the beginning and at the end of the experiment, 
of food and water given, and of urine and feces; the percentages of fat in the food 
and of nitrogen and feces in the urine ; the weights of carbon dioxid and water in 
respiratory products; and the calories of heut given off from the body. The nitro- 
gen in the food (lean meat) was computed by the compilers for the nitrogen balance 
in tabulating the results, Voit's factor (3.4 per cent), which is assumed by the author 
in discussing the experiments, being used for the computation. The carbon was not 
determined in the food, feces, or urine and no carbon balance was made. No deter- 
minations were made of heats of combustion of food or excretory products. 

For the balance of energy the income was estimated by the author from the esti- 
mated amounts of material oxidized in the body, and the outgo was found in the 
measurement of the heat given off ft'om the body as above described. The materials 
oxidized were assumed to be protein, fats, and carbohydrates of the body or the 
food, or both. The amounts were estimated from the nitrogen and carbon excreted 
in the urine and the carbon dioxid exhaled. From the nitrogen excreted the amount 
of protein oxidized and the carbon in the latter were computed. The remaining 
carbon was assumed to come from fat and carbohydrates burned. How much 
belonged to each of these two latter classes of compounds the data of income and 
outgo of material were insufficient to show, but the author assumes that the propor- 
tions can be calculated from the amount of heat produced. The data for the bal- 



1 Described by Rubner in Calorimetrische Methodik. Marburg, Elwert, 1891. 
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ance of energy given in the tables were estimated by the aathor. The differences 
of income and ontgo of energy in the individual days and experiments as thus com- 
puted were in some cases quite appreciable, but for the forty-five days covered by the 
experiments there was a discrepancy of only 0.47 per cent. It is assumed that all 
of the energy given off fi'om the body of the animals was in the form of heat. 

In the author's opinion these experiments furnish a proof that the nutrients of 
the food and the body materials consumed are the sole sources of heat in the animal 
body. They thus confirm the belief that the law of the conservation of energy 
applies in the living organism. 

The experiments are discussed at considerable length, and from standpoints dif- 
ferent from that of the present compilation. 

in a bibliography of Russian literature received iW>m Russia too late for detailed 
nso in this compilation reference is made to the following investigations in which 
calorimetric measurements were mode in connection with investigations of the respir- 
atory quotient. With one exception these were published as inaugural disserta- 
tions at the Imperial Military Medical Academy of St. Petersburg. In the last three 
experiments cited the balance of income and ontgo of nitrogen was also determined, 
and a '' water calorimeter'' was used for the measurement of heat. Pashutin's appa- 
ratus was generally used for the determination of the respiratory quotient. 

In 1884 Kostinrin published the results of experiments on the effect of injuring the 
lower part of the spinal oord upon metabolism in animals. Three experiments 
of from two to six days' dnration were made with fasting dogs. The conclusion 
was reached that the amount. of heat produced and the carbon dioxid excreted 
was increased, and at the same time the ratio of heat to carbon dioxid production was 
increased. 

In the same year Botcharov published a report of his experiments on the influence 
of septic poisoning on metabolism. Twelve experiments of three days' dnration 
were made with fasting dogs. Poisoning was produced by the iigection of a fer- 
menting solution (Jauchf). In the author's opinion this form of poisoning increased 
the production of carbon dioxid, water vapor, and heat. 

In 1886 Sadovyen published an account of investigations on the respiratory quotient 
and the production of heat in uramiia. Fourteen experiments of from four to seven 
days' duration were made with dogs and rabbits. The ureter was ligated. The con- 
clusion was reached that in unemia there was a decrease in the consumption of oxygen 
and the production of carbon dioxi<l, water vapor, and heat. 

Jurovski published in 1888 the results of ex])eriments on the respiratory quotient 
and the ])rodnction of heat in poisoning produced by gallic arid salts. Fifteen 
experiments of from four to Hix days' duration wert* made with rabbits. It was 
found that the amount of oxygen consumed and the carbon dioxid and heat produced 
was decreased. 

In the same year Kosorotov published an account of experiments on the effect of 
poisoning due to putrescent material. Twenty experiments, continuing from twelve 
to twenty-four hours, were m&de with fasting dogs. Calorimetric measurements 
were made in only fourteen of the experinientH. The author found that the amount 
of oxygen consumed and carbon dioxid and heat produced increased after the ii^jec- 
tion of Naegeli's solution, which had putrefied on exposure to the air. 

In 1890 Archarov ^ published an article on tho relation of antipyretics to fever. 
Forty t<^8ts of six hours' duration were made with dogs. Fever was induced by the 
injection of Naegeli's solution (XdgeHscher Jauche). The conclusion was reached 
that under the influence of quinin and antipyrin the oxidation pfocesses of the body 
and the production of heat increased. When fever was induced and antipyretics 
were given the increase was still greater. 

In the experiments which follow the nitrogen balance was determined in addition 
to the respiratory quotient and calorimetric meaHurenients. 



» Voyenuo Med. Jour. [St. Petersburg], 1890, Apr. 
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Usohinski published in 1891 tho results of investigations of the respiratory quotient 
and the production of heat in glyooseria induced by x)hlorizin. Eight tests of five 
days' duration were made with dogs fasting and fed under various conditions. The 
author believes that in glycoseria it is possible that the kidneys are an important 
factor. It is hardly probable that the amount of heat produced can be accurately 
calculated from the amount of matter metabolized in the bodv. 

lu 1893 Likhachev investigated the production of heat by healthy man in a con- 
dition of comparative rest. Six experiments were made, each continuing twenty- 
four hours. The principal conclusions reached were the following : In healthy man 
the daily production of heat is from 33.0 to 38.7 calories per kilogpram body weight, 
and when fasting 31.8 calories. At night during sleep the heat production and lib- 
eration and the respiratory quotient decreased. Soon after falling asleep the decrease 
in the production and liberation of heat was more pronounced than the decrease in 
the respiratory quotient. The author believes there is a parallelism between the 
production of carbon dioxid and the liberation of heat dependent upon the fact that 
both processes are regulated by a common cause. 

In 1897 Stndenski published the results of sn extended investigation for the pur- 
pose of comparing the amount of heat actually produced by the body with the cal- 
culated amount (using Rubner^s figures). Forty-five tests of twenty-four hours' 
duration were made with dogs fasting and fed with meat. Some of the dogs were 
in normal condition and others were pregnant or had fever. In the case of healthy 
dogs Rubner's method of calculating thermal values gave results which were practi- 
cally identical with the measurements of the heat actually produced per day. In 
the case of dogs with fever the heat actually produced in a given time was less than 
the calculated amount which the matter metabolized during the same period of time 
would furnish. Relatively less oxygen was consumed during fever than under nor- 
mal conditions. 
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